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Prologue* 

U\ Ijm \Hu D CiiukciiiLL, Col, M C \ U b 

Cottsulltnij Sitryion North \\ncon TUmtrc o\ Of'cnitioiis 

24 194i 

JvK an nijiir) ax wmicthinp ajicirt frtmi tbc l>o<h itscU i a fallacy 

tlial plaguwV l\\c iwr^con ••wcc Iua cra(t. onpxuatwl Tire more cxtcnnl 
tlw lesion tlic more remote from t!>c remaimJer of titc Ixxl) it npiicars ami the 
more penistciit l>ec«->mcs the efTort to ass»*.t Uic natural processes of IiealmR 
SurRttins land jdnsicians) uiU an>\\ dtcimcal sulwtanws to the skm tliat 
iIhtv hesitate to place into a tleq> woniut ami ^lU nppK mc<Ucaments to the 
n-onnd tlut thej umihl not consitlcr Iiannicss in the deeper recesses of 
iKxi) caaatiex Tlirough )ears ol liard cx^icncncc « lia.x been learned tliat 
the jKmtoiicum liaa seemmgK miraculous jwuerh of resistance to infection 
if spared the added insult of chemical mul ineclianical trauma Tlic same 
is true of nniscVes and of the sVm itself but the IcaminR of this lesson ha* 
liecn dcla)ed larpelj liccausc iinlation m not nttnidcd li} such mimediatc 
and catastrophic results as is the cn<« uath the ]>entoncnni 

\gain traumatic iiijunes lead die surgeon into a pitfall l>e«nise thc\ 
arc V 3 oImousI) of external origin Tlie cauv? is olnious and external so 
the remetl> must be simple and load 

Die local managenient of Immshas f<»r jears rc\i)Keil alxnit these fallacious 
coiicejits Fortunatel) the constuuiional effects of «\crc Inims Imie liccomc 
clcarh rccognuftt althongii not clearK nndcrxtood Tlie resulting reduction 
111 deaths from loss of l»o<l) fluids nnemw nwlnutntiun and infection has 
l>een an outstanding achievement of modem siirgcn 

\s one explores the history of the local treatment of hums inany rcn>e<hc 
arc hrund that arc pureU empirical Otlicrs jiarticidarl) those emjilovcd 
li) reputable surgeons arc supporteil hj a i)crlectU logical rationalization m 
tenns of the prevalent doctnne of the times Turpentine is applied because 
the tissues luic lieen thrown into a iiolent commotion h} heat and tins 
D-nnmotion muit not be ahruptl> reversed !mt nvamtamed at a Ingli pitch 
for a longer time Cerate, sweet oil soothing balsams and later carron oil 
were citwllients designed to reverse more quickly the agitated state of the 
tissues and preaumahlv also the agitation of the patient himself With 
the advent of Listensm carbolic acid la added to the bland 'ind emollient oil 
111 order to kill tbc germs When pabenU were succumbing to the effects 
of traumatic toxemia tannic acid 13 introduced to preapitate these toxic 

•To the Mot>o«rxph llanagcment of the Coctiamrt~Giw« Banu at Ihc 

llii-sidmNeUi General Ho»piuL W rittcn m North Africa, it arnm] too late to Iw 
nklodol ill the June uwtjc of the \nnalv of Surfierv 
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protein substances in situ Later, when surgeons w ere paying more attention 
to body fluids, the virtue of tannic acid is found in the preveilboii of fluid 
loss from the weeping surface of tire burn When aniline dyes uere taken 
from their role of staining flead tissue^ in the pathologic laboratory and used 
in the clinic on living tissues, gentian violet is found to produce an eschar 
similar to that formed by tannic acid but with the added virtue of killino- 
Gram positive bacteria Counterstains are added to take care of the Gram 
negative group Now that the sulfonamides are m full voice, they are eitlier 
dusted on in pure form or incorporated in ointments And so it goes 

Since being in North Africa I have seen a great many burns — mostly 
accidental, as this is a petrol war I have also seen almost as many difterent 
methods of local treatment as there are burns In fact, a single burn may 
recapitulate many pages of the history of the treatment of burns, as the 
patient is moved about tlie Theatre of Operations I have even seen 'burns 
treated by the native population with fresh cow dung — and they healed verj' 
kindly at that Perhaps “there is something in it,” — certainly some vitamin 
or other biotic can be isolated from cow manure by painstaking reseat ch given 
a little time and the necessary grant-in-aid 

In the Army, the Battalion Surgeon is the important fellow He is right 
down at the surgical grass roots of the war He must get results and get them 
quickly, and what is more, he must work witli what can be earned on his 
shoulder m a kit bag. Here are comments regarding the treatment of burns 
that can be kept m the combat area by two Battalion Surgeons 

Nutnber One “We believe in covering them up quickly with a big 
dressing and then pouring cold water on the dressing It is hot always 
sterile water either, usually out of my canteen Do I clean them off? No, 

I never scrub anything up there at the front ” ( See Chisolm’s excellent 

Military Surgery of the Confederate Army for further descnption of the 
cold water treatment of wounds There is something m it ) 

Number Two “You know I tried all of these vanous treatments for 
burns, but the one I think works best is just boric ointment It takes the pain 
right aw^ay, and they seem to do better I don’t suppose I should be using it , 
they say you shouldn’t put grease on burns But up there at the front you begin 
to w'onder about a good many things you w'ere taught in Medical School 
Events move rapidly m w^ar, and I am glad to report a heartening trend 
tow^ard sanity in an otherwise schizophrenic world When external violence 
reaches epidemic proportions one is forced to tliink in practical and simple 
terms So it has happened with burns 

Although the Cocoanut Grove Disaster took place in Boston the method 
used for the treatment of burns was inspired by the war already in progress 
some months The nightclub patrons w^ere cared for by a method that might 
be applied to soldiers and sailors of an assault force on a sea beach It is 
true that frills were added and elaborate laboratory tests cairied out to prove 
to oursehes and others that the patients were not suffering ill consequences 
One worries more about simplifying treatment than elaborating it 
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llic ei.i>«itials of the treatment are bcinj, app ictl (laih in Nortli Afnea 
and u has been comforting to be able to assure the Uattaliou burgetm ttiat 
It 15 not vimellnng he shoiildn t be doing 

It 15 difhai t to wTitc a proogne to a collection of jjai>ers that I haic 
ncicr seen e\cn m pixhninian draft During the calastro|)nc and for Mune 
weeks afterward \%c ncrc concerned onl\ with oliscrnng iiid recording facts 
I hojw iiu colleagues lia\c Ixjcn catitimw in fornmlating cmichisums E\cii 
if modest conclusions arc hkcl\ to lie wTong or subject to modification 
before the ink is di) 

Opinions and impressions arc plentiful and dicip jjarticuhrli under the 
cmolioinl tension of a world at war I acts arc rare and prcaotts Coinplctc 
(hti are next to inijxn^ible to obtain under coinluit conditions C)l)scmtions 
arc fragmentan at l\tc best \ el the surgeons of the United States \nii) 
arc alrcfltU faang a karrage of surgical opinions and impressions from oiir 
mam Tlicatrcs of Oi>eratioiis 

It IS essential to preserve an ojwii mind for wliat is true under one set 
of conditions \nll not hold for a diiTemit set of conditions Wlwt ma) U. 
successful m the Pacific nu\ not lie at all applicable in other Irnnds m North 
\fnca err in Hngland American surgeons art at work m India and Iceland 
brazil and the lintisU Isles \laska Australia and Afnex Tl\c\ arc m 
Iwtli henitsiihercs down under the Equator and uithm the Arctic Circle 
Onl) when we lm\e all returned each with a snull piece of tlic puzzle will 
It ]k jKisiible to start to fit the pieces together and see the picture as a 
whole. In the meantime w-c must be content to ol)5cnc and record so tlint 
our craft ma\ rei>ciic something constnictue from a ntTstrojihe ilint m other 
nsjiects rqircsents the acme of deslmctioii E D C 
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M.au(igtnunt of the 
Cocoamtt Grove Burns at the 
M-u^tachusetts Geuerul Hospital 


FOREWORD 


On Satur<]a\ e\cning ^o\c^lt>c^ 28 1942 almost a >car after Amcnca 
cntcre<l the war a (Itsasinm^; lire occMrrc<l m the Cocoanuf Grove a Boston 
niRlu chill As a result 491 {leojilc lost ihcir lives and man) were injured 
Of the casualties dead and living 114 were brought to the Massadiusetts 
ncnenl Hospital within a jicriod of two hours Had such a catastrophe taken 
place licfore Peirl Ilnrlior the hospital would liavc been swamped As it was 
the injured found the ^fiilT jireparcd for the war had made us catastrophe 
minded The ho-^pital was well prepared parti) as a result of the foresight 
of Dr V W I axon Director and of Dr E D Churchill Chief of the West 
Surgical Service who hid given careful thought to the problems of the 
hospital faced with a di^stcr and partlv to the good fortune that an active 
rexcardi program in bums was in progress it the hospital 

Earl) m 1942 two research projects were undertaken at this hospital 
under contract with the Office of Saentific Research and Development of 
tlw United States Government One dealt with infections m compound 
wounds and bums and the other with the ph)iiolog) of bums In both of 
these projects a number of the stalT hid taken part Ml patients with bums 
whether on the public or pnvute wards were usctl m the stud) Modes of 
therap) were tned out and discussed it repeated staff conferences \ plan 
of therap) for bums suited to use in a catastrophe was developed and 
dcaded upon When the victims of the Cocoanut Grove fire amved the 
treatment was read) and it was applied to all 

As in many disasters the type of injury encountered m the casualpes 
of the Cocoanut Grove fire confomied to a pattern The lungs and ainva)s 
were severcl) danvaged perliaps botli bj heat and imtatmg gases Tlvc 
external bums were for the most part Iinuted to skin surfaces not covered 
b\ clothing Even the bums of eves were of a pattern the lower half of the 
1 
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cornea of both eyes In spite of the crowding and panic, there were no 
fractures. 

The injury of the lungs presented the most pressing problem of therapy 
The complications encountered were similar to those resulting from inhala- 
tion of certain war gases They were also like those described following 
the disastrous fire at the Cleveland Clinic in 1929, believed due to toxic 
nitrogen gases released from burning roentgen films This Cleveland dis- 
aster has come to be considered unique, for as a result of it the chemical 
content of roentgen film had been changed and all old film destroyed through- 
out the country From the experience of the Cocoanut Grove fire, we know 
that such pulmonary complications are to be found not solely in warfare, 
but may be encountered at any moment in civilian life The experience with 
these unusual lung complications is worthy of recording Valuable material 
has been gathered dealing with the nature of the pathologic processes The 
Massachusetts General Hospital and Harvard University have given un- 
stmtmgly to insure a reaping of as much useful knowledge as possible 
The treatment used on the burns of the skin was unorthodox but the 
results were gratifying Its simplicity has much to recommend it when large 
numbers of burns are encountered m a disaster Because the method should 
prove of interest to the Armed Forces and to those charged with the re- 
sponsibility of caring for civilian catastrophes, it deserves description par- 
ticularly at this point of the World War 

The monograph has been arranged as a series of papers by the members 
of the staff who were responsible in their particular fields The first three 
articles deal with the problems of administration and psychiatry peculiar to 
a civilian disaster The next four recount the course and treatment of the 
lung injuries The last five deal with the various aspects of the surface bums 
A brief protocol of each case, numbered consecutively, follows the last 
article The same case numbers are used tliroughout all articles Where 
cases are referred to and no details are given in the article, they are to be 
found in the protocol 

The authors dedicate this monograph to all those who labored with 
them yet remain anonjmious, and to Dr Churchill who guided us before he 
was called to serve in the Army 

Oliver Cope, M D 

The Massachusetts General Hospital acknowledges with gratitude the aid of the 
Josiah Alacy, Jr Foundation in sharing the cost of publication of the colored photographs 
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the problems of the hospital adjiinistration 

Nathaniel M Faxov D 
I— THE COCOAKtrr OBONE Dia.\STFn 

The Cocowirr GRO\r a t\pical ntj,ht cIuIj It w'ns a one sior\ 
stucco and bnck budding \\^lb lou ceilings mid mflaniiiiable Imngmgs and 
dtcovatrous On the tntnmg of Noicnibcr jS 1^2 it w-ns filled nith an 
imusuollj large SaUirda} ni^t croud Tlic reported capaat> wus 600 tlie 
csJmwted number present was 1000 Tlic scNeml bars were crowded the 
tab^c^ vkcre fiUetl to capaai\ with c\rrj avuibblc Int of floor space ocaipied 
The floor show was alwut to begin 

Fire started m tlic Mclod> I-oungc a Ijasciiicnt cocktail lounge aliout 
10 15 pm Feeding on combustible <lecontions artificial cocoaiiut palms and 
cloth-co\ercd ceilings and walls it spread with great nipidit> to the stairs 
cutting off the onl) Msible means of exit Tlien it flashed across the ceiling 
of the mam floor People rushed for the main doorwav the onl\ exit tliat 
Uiej knc\v of where a re^olnng door quickl) jammetl and some 200 MCtnits 
were pfled behind it Tlie flames then spread to the Broadwat Cocktail 
Lounge wlicre too more nctims were trapped behind a door swnnging tlie 
wTong Avay which blocked access to tlic outside door\\-a\ A door leading 
from the mam floor was partiall) opened b> an employee through which 
a fc\v escaped Other exits were hidden h> hangings and also locked All 
agree that the spread of flame was rapid with much smoke and noxious gases 
and tlie lights \vent out quickly 

The fire department responded promptly and m adequate force. They 
opened doors broke m wnndows extinguished the fire and rescued as 
promptly as possible all who were still aJi\c, but 491 people lost their lix-es 
cither there or later m hospitals Many others were seriously myured One 
hundred and eighty -one hniig nctims were taken to hospitals together \nth 
nearly 300 who were dead on omi’al TlurU nine living patients amied 
at the Massachusetts General Hospital 131 at the Boston Dt\ Hospital 
and the 11 others at >-Dnous nearby hospitals During the next two weeks, 
39 patients died in hospitals— seien at the Massachusetts General Hospital 
and 32 at the Boston Cty Hospital 

n— A DEnar account or tub bebvices or thb uAsRxcsustrm qenehal 

UOemAL IN CONNECTION WITH THE OOCOANUT QHOVE UlflAOTBH 

The Cocoanut Grove fire started about lo 15 pm Saturday Nm ember 
28 1942 The first patients amved at the Emergency Ward of the Hospital 
at 10 30 p M Shortly thereafter the hospital vraa noUfied of the disaster and 
asked to be ready for a large number of patients The hospital organiaation 
set up under Civilian Defense for the handling of wnr casualties wtis 
immediately put into operation the House Staff and nurses on duty were 
3 
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called to the Emergency Ward, Teams for Burns and Resuscitation were 
summoned, members of the visiting staff, nurses off duty, social workers 
volunteers, orderlies, and others were notified By 11.15 pm nearly the 
entire organization had been assembled, and volunteers continued to arrive 
during the night 

The Emergency Ward was immediately cleared of all other patients, but 
It was soon realized tliat its facilities w'ould be overtaxed, and the sixth floor 
of the White Building, containing 40 beds, w^as evacuated Thirty surgical 
patients w^ere removed to other beds in the hospital 

Betw^een 10 30 pm and 12 45 am, 114 casualties w^eie received Of 
these, 75 were either dead on arrival, or died within the first feiv minutes 
of uncontrollable anoxia 

The 39 living patients showed, besides burns of varying degrees, the 
effects of cold, exposure, fright, shock, and partial asphyxia Clothing w^as 
dripping wet, exposed surfaces grimy and blackened Some were quiet 
and cooperative A few were comatose, others were greatly agitated, 
requiring restraint In some this was due to hysteria, in others to cerebral 
anoxia (lack of oxygen supply to the brain) There was little or no evi- 
dence of intoxication There w^ere no fractures and only slight trauma 
of soft parts 

Wet clothing was immediately removed , burned surfaces covered with 
sterile towels and the patients wrapped in blankets Morphine was given 
subcutaneously to all 

Meanwhile, four members of the House Staff had been stationed at the 
entrance of the hospital to determine whether tliose admitted were living 
or dead Those pronounced dead were carried directly to an emergency 
morgue established in the large Brick Corridor, the bodies covered wnth 
sheets and the area screened off 

Some of the dead showed no burns, others show'ed bums of varying 
degrees, but death evidently had come from asphyxia in most cases Many 
showed the cherry-red color indicative of carbon monoxide asphyxia A 
few were severely burned, one almost beyond recognition Identification of 
the dead was started at once, and all but two of the men were identified by 
5 00 A M Identification of the women was very difficult on account of the 
lack of identifying data m their clothing They were identified only by direct 
inspection by relatives or friends 

Preliminary treatment having been given to the living in the Emergency 
Ward, they were moved to White-6 By i .30 a m all tlie living, 39 in 
number, had been put to bed in this uard Burns had been dressed, shock 
was being treated, and asphyxia cases given oxygen therapy The Emergenc\ 
Ward was cleared and ready for more admissions. Thirty of the 39 patients 
had surface burns of clinical significance and many showed evidence of 
damage to the respiratorj^ tract In some this was verj' severe In some 
cases it developed 24 hours later In one case artificial respiration w’as 
required for the first six hours The patient lecovered Five cases required 
irachcotomv and in one or tw’O tracheal intubation was performed 

4 
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The surface bums were treated b> a single method There was no 
cleansing or difbndcment The burned surfaces n-ere coiered nidi gauze 
impregnated mth bone petrolaumi and a lolmmnous dressing applied with 
elastic preuure bandages Splints of folded neiispaper ncre used for tore 
amis and hands Eies were examined bj Staff and Residents from the 
Massachusetts Eje and Ear Infimian and appropnatt trealinciit instituted 
\n the case* with Itsions in\ OK'ing the cornea 

Blood pUstna from the hospital blood bank wtis adnimittercd to 29 
patientts Bj i -oo a m all patients in impending sliock wtre Tecci\nng plasma 
Salt solution and glucose soluUon had Iwcn preiiousl} administered mtra 
\-enoasIj and was continued thereafter for long periods in man> cases In 
the first 24 hour* 120 units of frozen plasma were used m three da}* a total 
of 147 umtis In addition 16 whole blood transfusions were gi\cn m the 
first week where there was reduced o’cj'gcn capaat} Teams 0! interns 
and nurses under the direction of surgeons residents and the chief anes 
thetist were assigned to mdindual pauents and to groups and were in 
constant attendance There were 20 trained nurses on eight hour diit} on 
this w-ard or (x> eacfi 24 hours Ox>gen tlieraps directU b> catheter or m 
tcuts was gi\en in appropriate cases carbon dioxide five to seven per cent m 
OT)gen was given to three patients showing mdenct 0! carbon monoxide 
poisonmg Stenle suction tubes for intratradieal intubation were used m 
several cases. In addition to Uie more intricate treatment routine intravenous 
medication blood pressure delcrminaiions, blood tests etc w ere earned out 
Sulfadiazine had been given inlrav'cnousl} liy i-oo \u Sunday to all 
patient* mcluduig tliosc without bums and its administration waa con 
tinued thereafter m appropnate amounts AH patients having been prevjonsl} 
terum tested were given atititetamc serum except Amn and Nav> personnel 
and those with senous puhnonarj lesions 

By 3*00 AM Sunda> a list of all the living witli names and addresses 
had been made and given to police and press 

Dunng the first three davs seven patients died These were all cases 
showing severe respirator) tract damage from inhalation of flame or fumes. 
No cases of true bacterial pneumonia developed 

All the pabents were scgregatecl and isolated on tlic sixtli floor of the 
White Building Admission to the ward was stnctlv limited vnth a door 
deeper in constant attendance. Besides professional staff mid attendants onlv 
immediate relatives clergv family doctors and officials on errands of im 
l>ortancc were admitted and all were masked and gowmed 

The East solanum was converted into a dressing station nherc all 
dresamgs were done under the full aseptic precauboni used m an operatmg 
room. Roentgenologic examinatioas of the diest were earned on m the 
Semth solanum on the same floor all patients were so exammed by 10 30 
A,M oti Sunday and thereafter as mdicated 

The cbnical laboratories were manned immcdiatclv on the night of the 
fflresto- md ncre kept busy continually thereafter Henutoent and serum 

protein detenmnalions to guide tbc admmislralioii of fluids and plasma iicrc 
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available that night, five times m all in the first 24 houis Determin 
of oxygen and carbon dioxide content of blood, oxygen capacity, nonp 
nitrogen, prothrombin time, blood chloride, phosphorus, sodium, and 
tests, including various bactenologic examinations, were also made 

The pathologic laboratory was called into action in making tissue exa 
tions and later m performing autopsies 

Invaluable service was rendered by members of the Social Servic 
partment They helped in various places where needed Their traimn 
skill in dealing with people emotionally disturbed fitted them for the 
tasks of interviewing distracted relatives and friends of patients, a 
answering innumerable telephone calls They also helped m the identifi 
of the living and the dead 

The services of volunteers from the Ladies’ Visiting Committei 
the War Service Committee proved of great value They were perse 
poise and they knew the hospital 

Medical students assigned to the hospital, together with a groi 
Harvard undergraduates who had been doing volunteer work as orderli 
six months, some of whom were on duty, and others who came in afterv 
rendered valiant aid that night and thereafter They also knew the ho; 

The Red Cross functioned smoothly in the emergency The motor 
brought casualties to the hospital. The Nurses’ Aides were of immi 
assistance that night, and the next day large numbers replaced and re! 
regular nurses on duty in other parts of the hospital The Red ' 
Canteen, m connection with the hospital dietary department, served 1 
and sandwiches during that night, wLich was a great help m sustaining e 
and morale of workers and giving comfort to relatives and friends 

Many private nurses from Baker Memorial and Phillips House co 
uted their services during spare time 

The Massachusetts Women’s Defense Corps sent volunteers who 
in identification and also were of great help with the Blood Bank 

Over 100 outside nurses from neighboring institutions volunteerec 
were put to work 

The regular staff of the hospital, administrative, medical, surgical 
special, nurses, orderlies, technicians, telephone operatois, secretaries, 
tians. porters, maids, and maintenance personnel labored long hours at 
and Sunday without stmt 

In conclusion, it may be said that the hospital organization mei 
emergency adequately and well Much credit should be accorded tc 
Civilian Defense organization for having made the hospital “catasti 
minded” beforehand There was no shortage of supplies or equip 
of any kind 

III — ^^'T1 LUARN FROM OUR AQSTAKES AS M’^ELL AS FROM OUR SUCCESS 
WHAT HAS THE ALVSSACHUSETTS GENERAL HOSPITAL LEARNED FROM 

COCOANUT GROATS DISASTER ’ 

I First of all, we have learned the A'alue of anticipation and prepard 
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HOSPITAL administration 

Thanks to the efforts of the ^lassachuwtts Comnuttcc for Public Safety or 
Ci\'ilian Defense we fad been nade ‘catastrophe mmded Our Staff and 
personnel lad been organized os teams their duties carefull) speafled 
mation regarding disaster management spread undel> and practice mobilira 
tions earned out Although during the first two hours e\cty-thmg seemed to 
be in confusion because of the tmmlicrs of people hurryung about it was 
clear to those responsible tliat tnci^-onc vr\i acting Tapidl> ctBaently and 
intclhgcntl) Thej k*ne\\ what tlier should do and were doing it 

Furthermore we leamctl the value of havnng on hand wlat might ha\c 
been considered an unncccssanlv large quantity of supplies Fortunately no 
shortage of anjlhing was cxpcnenccd 

2 The value of a sscll planned telephone $cr\nce to notifj administration 
staff nurses technicians maintenance and department heads should be 
especially emphasued Too much thouglit and planning cannot be gi\cn to 
this service. 

3 The necessity of the immediate c.\amiimnon and separation of the 
luing and dead at the sen, entrance of tlie hospital This was only realized 
after a number of dead had been sent to the Tmergenev Ward At once 
four Medical house officers in teams of two w'tre stationed at tlie Emergency 
Ward entrance for this purpose It is important that two men shouW 
collaborate. 

4 The organizuig of teams of nurses and assistants for tlie undressing of 
patients of the affbang of identifynng tags and for the care and marking of 
their clothing and belongings Those entrusted with the medical or surgical 
treatment of patients have no time for this and the identification of patients 
separated from their clothing may be difficult Liktynse, clothing and valu 
ables may get hopelessly mixed 

5 Special medical teams for the administration of morphine the treat 
aient of shock by plasma and oxygen therapy were found to be valuable 

6 Prompt examination of the dead by competent pathologists Medical 
Exammer or hospital pathologists may provide dmiaans vnth yuluable data 
which will aid fa treatment of the Imng Autopsies upon those dnng after 
clinical appraisal of symptoms arc particularly hdplul The findings pro 
vidcd by autopsies performed and authorised by the Medical Examiners 
of Boston were of great assistance. 

7 Handling of the dead From our cxpcnencc we learned that an 
Emergency Morgue should be selected m advance, paying attention to 
accessfbihty isolation windows for ventilation and cooling It should be 
at once placed m charge of some responsible person and a poIiLC guard 
obtained as soon as possible Only persons beanng passes acceptable to 
the person m charge and to the police should thereafter be admitted The 
bodies should be arranged m orderly fashion heada m the same direction 
sexes separated if possible and covered yvith sheets Tags numbered erm 
^lively JM G H I a 3 r/r ) bearing date and hour of arrival sh^d 
be attached to the nghl ttTut The MednaJ Examiner or Coroner should 
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be consulted as soon as possible and his directions followed If he so directs, 
identification of the dead may be carried out The name of the dead person 
can then be added to the tag Also, at that time, valuables, pocketbook and 
cards may be placed in an envelope bearing tlie same number as the tag and 
attached to the left wrist No jewelry should be removed 

However, if the Medical Examiner so directs, a complete list of all 
valuables can be made by two persons, one preferably a police officer, the 
valuables placed m an envelope, signed by the two persons and placed in 
a safe 

8 A list of living casualties and a list of identified dead should be 
prepared as quickly as possible and sent to the Information Desk There it 
should be arranged alphabetically, several typed sheets prepared, and the 
information given to the police and press All inquiries should be directed 
to this Central Information Desk 

g In a disaster of this type, where the injuries were all of the same 
kind, the importance of concentration of casualties in one group in one ward 
or floor where they can be under concentrated medical treatment and where 
isolation procedures may be set up if needed, was clearly demonstrated 

In this disaster, a problem was presented by the abrupt and unexpected 
confinement in the hospital of 39 seriously injured people of private patient 
status Isolation precautions \sere considered imperative and this had to 
be explained to anxious families Many requests were received for transfer 
to private rooms for private medical care at the hospital or other institutions 
The policy was immediately announced that visits from family doctors or 
consultants at the request of patient or family would be welcomed The 
local medical profession cooperated whole-heartedly Doctors visited their 
patients, reassured them and advised them under no condition to consider 
removal Medical information wdnch had a bearing on their present con- 
dition was often given to the Staff 

It IS the mature judgment of those who cared for these patients that 
this concentration and this isolation prevented, to a large degree, respiratory 
complications and permitted better treatment Doctors, nurses, equipment 
and supplies w^ere concentrated here, quickly available for emergency treat- 
ment Time and labor were saved 

10 It IS desirable to obtain speedily jiohce assistance to control jard 
traffic and to guard hospital corridors and morgue 

11 The serving of coffee and sandwiches by the Dietary Department 
and the Red Cross Canteen w’as valuable m sustaining energ)’^ and morale 
of workers and comforting w'aiting relatives and fi lends 

12 Finally, we have learned the value of constantly maintaining, foi 
use in peace or war, a hospital organization for the handling of cniergenci 
disaster , also the collection of an ample quantity of emergency supplies 

“An cniergcnc} anticijiated and prejiarcd for ceases to be an cmergcnci 
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SOCUL SERMCt ACTH ITIES 

Ida. jM Ca%'t.on I II D 

r*o'<-rtn;*oau.«K'iicE DCT^irvoti critic >tAM lOtunrm crjrtcAL bcumtxl, »o«rcx 

The Casualtv Preparedness Program at the Massachusetts General 
Hospital delegated to tlie Soaal Scmcc Department seAeral areas of re 
sponsibiht} in keeping wnth their recognized function These M-cre 

I Identification and registration of Mctims m assistance to Hospital 
Admitting Officers Reporting list of MCtims to Master File con 
ducted b) the Gimniittee on Public Safert 
H Arranging for transfer of such patients as were suitable for disdiarge 
to their own homes convalescent or nursing liomes or other hospitals 
to relieve the wards for admission ot victims 
HI Maintenance of Information and Advice Service to families and 
friends of vnctims This to relieve the Hospital Information Service 
1 \ Liaison mdi Red Cross Disaster Relief in their semce to victims and 
with Public Safetv Distnct Information and Advnee Bureaus 
Members of the Department had sliared in practice vnth otlicr hospital 
pcrsotinel m accordance mtli the Manual of the Casualt) Preparedness pro 
gram for war<aused disaster Although the “pattern of tlic Cocoanut Grove 
disaster differed from the t)!^ onbcipated in practice the essential charac 
tenstics of social service actinoes were realized 

Social Servnee staff was not called promptly but b) 12 30 a ii Sonda} 
four members of the Social Servace staff were at the hospital and dunng 
Sunday 20 workers were invoK-ed Twenty four hour service was maintameil 
for the first two days and 12 hour servnee for the first week 

Prompt shifting of patients from the especially chosen ward to otlier 
parts of the hospital had obvnated the necessity for discharge of patients 
to make room for a flood of admissions Tlie urgency of admission of 
victims to the prepared special ward and the need for immediate treatment 
procedures made the usual process of identification cn route impossible and 
necessitated completion of identification after patients reached the ward 
\ soaal worker assisted m listing Uie victims and arranged an alpliabeticaj 
list for use of the Adnutting Office and for report to the Master File, As 
there were two unconsaous umdentified women on the ward she attended 
one of the doctors as one of the patients was aroused suffiacntlv to give 
her name. The other was identified by a patient nearbv By 3 a it all 
39 Imng victims were correctly identified by name and address 

The first medical soaal worker amving at the hospital a httle before 
midnight was immediately pressed into service by the nurse at the hospital 
Information Desk Two and at times three social workers assisted here 
throughout the mgin and morning Three Icleplioncs brouglit incessant 
9 



NATHANIEL W FAXON 


be consulted as soon as possible and his directions followed If he so directs, 
identification of the dead may be carried out The name of the dead person 
can then be added to the tag Also, at that time, valuables, pocketbook and 
cards may be placed in an envelope bearing tlie same number as the tag and 
' attached to the left wrist No jewelry should be removed 

However, if the Medical Examiner so directs, a complete list of all 
valuables can be made by two persons, one preferably a police officer, the 
valuables placed in an envelope, signed by the two persons and placed in 
a safe 

8 A list of living casualties and a list of identified dead should be 
prepared as quickly as possible and sent to the Information Desk There it 
should be arranged alphabetically , several typed sheets prepared, and the 
information given to the police and press All inquiries should be directed 
to this Central Information Desk 

9 In a disaster of this type, where the injuries were all of the same 
kind, the importance of concentration of casualties in one group in one ward 
or floor where they can be under concentrated medical treatment and where 
isolation procedures may be set up if needed, was clearly demonstrated 

In this disaster, a problem was presented by the abrupt and unexpected 
confinement m the hospital of 39 seriously injured people of private patient 
status Isolation precautions were considered imperative and this had to 
be explained to anxious families Many requests were received for transfer 
to private rooms for private medical care at the hospital or other institutions 
The policy was immediately announced that visits from family doctors or 
consultants at the request of patient or family would be welcomed The 
local medical profession cooperated wdiole-heartedly Doctors visited their 
patients, reassured them and advised them under no condition to consider 
removal Medical information wdnch had a bearing on tbeir present con- 
dition was often given to the Staflf 

It IS the mature judgment of those wdio cared for these patients that 
this concentration and this isolation prevented, to a large degree, respiratory 
complications and permitted better treatment Doctors, nurses, equipment 
and supplies w'ere concentrated here, quickly available for emergency treat- 
ment Time and labor were saved 

10 It IS desirable to obtain speedily jiohce assistance to control yard 
traffic and to guard hospital corridors and morgue 

1 1 The serving of coffee and sandwiches by tbe Dietary Department 
and the Red Cross Canteen was valuable m sustaining energy and morale 
of workers and comforting waiting relatives and friends 

12 Finally, we have learned the value of constantly maintaining, foi 
use m peace or war, a hospital organization for the handling of cmergenc} 
disaster , also the collection of an ample quantity of emergency supplies 

“An cmcrgcncj. anticipated and prepared for ceases to be an emergenej 
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SOCIAL SERVICE ACTIVITIES 

clothing and esjwaalK jewclr\ Meantime sonic descnptions of women 
netjms wnth special note of jc\\elr> had been assembled with the hope tliat 
these descnptions might lie checked with inquirers descnptions and so aioid 
the painful ncccssitv of ha\ing the rclatuc 5 e\eral \ictims m the 

process of identification Tins pro\cd helpful m a few cases More accurate 
descnption of \ictims and better sxsleni might haMi made this more helpful 
So far as possible MSitors were accompanied In \oluntcers or Social Senicc 
on their Msit to the impro\ised mortunr\ Medical SoctiI ScrvKe assisted 
at the mortuan where all inquirers were required to register If identifica 
tion was established the rchti\c wis accompanied to the Admitting Office 
If not the next step wis suggested Tlic address and telejihone number 
of the Master File and other hospitals were gi\en B\ 5 p ir Sunda\ 
identit\ of all but two men had lieen established 

At the request of the Admitting Officer one worker was assigned to 
telephone to some Co patients who had appointments for admission dunng 
the ensuing week explainmg the neccssit) for postponement on account of 
the admission of disaster \ictinis \nother worker was asked to call 
families of those dead whose homes were at a distance and explain the 
situation 

Our experience lias coiuinccd us tiuit dunng a disaster no semces 
can be considered mechanical Giving information or compiling data and 
making records require a degree of judgment and skall not demanded under 
ordinar) circumstances Because of the extreme emotional tension under 
which people are sufTenng and the stunned sense of isobled bcwalderment 
instructions are often not rcadilv comprehended Customary routine sitcli 
as asking for information needs to be indivadualiied and far more skall m 
intenacwang is required Even the bnefest contacts become charged with 
meanmg and often the simplest semces are valuable out of all proportion 
such as dialing a telephone number for a confused relative 

On Sundav the morning following the disaster at the request of the 
Supervnsor acting ns head nurse in tlic speaal ward two medical social 
workers were assigned to the ward one to attend the telqjhone line over 
which inquines about patients were routed the other to control admissions 
to the ward This second assignment after 24 hours was earned bj ex 
penenced volunteers from the War Scmcc Committee The assignment 
to the nurses desk to answer telephone inquines about patients rapidl) 
developed into a fuller service In cooperation with the head nurse an 
up-to-tlic minute report on condition of the patients was maintained so that 
reports could be readily given to relabvcs The patients at first too stunned 
to realize the situation soon began to ask questions \Vhat had happened 
to wife or husband’ WTiere were the others m the party ? Had they escaped ? 
Many patients had members of family and fnends who were also vactiins 
The Uvmg and dead members of groups were widcl> scattered Messages 
of inquiry and reassurance passed rapidlj to-and fro The informatioiTac 
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inquiries Being at the hospital entrance, it was here that a restless throng 
soon assembled Members of the press and police eager for lists of victims, 
representatives of army and navy seeking identification of their men, blood 
donors in great numbers responding to the urgent radio appeal One zealous 
young man brought in several groups of prospective donors he had enticed 
from passing street cars These people, at first directed to the Blood Bank 
Station, were later sifted by a responsible volunteer by questions of time 
of latest food and liquor intake 

To get some idea of the pressure at the Information Desk, one must 
realize that while the doctors and nurses were absorbed m giving care to 
the living victims, and the Administration was wrestling with the problem 
of an improvised mortuary for the 75 dead, the community was being aroused 
to the magnitude of the tragedy by radio and swift traveling news Families 
and friends were setting out anxiously to locate some 650 missing persons 

The listing and reporting of the 75 dead in the improvised mortuar}' 
were delayed partially awaiting authority from the Medical Examiner, and 
also because of the serious difficulty in identification The process of 
identification was shared by the police. Women’s Defense Corps and various 
hospital personnel Most of the men had identification in their pockets 
These were listed and reported But the women, who were mostly m evening 
dress, were without handbags or coats Their clothing was often torn and 
burned Jewelry proved to be an important means of identification 

In increasing numbers through the early morning and into Sunday 
afternoon the anxious relatives and friends came, some from considerable 
distance, singly, but more often in groups For some their visit here was 
the first effort to find the missing victim Some of them had already checked 
with the Master File and knew that there was no evidence that the one they 
sought was among the living Some had already made the rounds of the 
mortuanes The major task of the Social Service Department at the hos- 
pital entrance was meeting and interviewing these relatives and friends of 
those seeking victims Some 175 interviews were recorded In spite of 
extreme tension, shock and physical weariness these men and w'omen acted 
with great dignity and restraint There was no hysteria In comment on 
the technic for handling the situation, w^e note that the inquirers awaiting 
mter\Mew were restless and needed to move about Many w^anted to smoke 
and were not denied They were interviewed m turn by the Social Service 
Staff For the mtenuew' which sensed as some release of tension, the\ 
were seated and in a separate room, which gave some privacy The inter- 
\iew in introduction followed something of a pattern The name of the 
\ictim sought, relation to inquirer, a review of list of living Although in 
some instances this w'as a repetition of review at the Information Desk, 
another search for the familiar name was anxiously sought Hope lingered 
Then after explanation that there w^erc unidentified dead we proceeded to 
get age, height, w^eight of victim, whether blonde or brunette, description of 
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clothing and espcaallj jcwclr) Meantime some dcscnptions of ^\omen 
\nctims wth spcaaJ note of jcwcln had been assembled \\nth the hope that 
these descnptions might be checked with inquirers dcscnptions and so n\‘Oid 
the painful nccessit) of ha\ing the rclati\c ^^c^v several victims in the 
jirocess of identification Tins proved helpful in a feu cases More accurate 
desenpUon of victims and better svstcni might have made this more helpful 
So far as possible visitors were accompanied 1 >\ volunteers or Social Service 
on their visit to the improvisctl mortuarv Medical Social Service assisted 
at the mortuar} where all inquirers were required to register If identifica 
tion was established the relative was accompanied to the ‘\dmitting Office- 
If not the next step wns suggested Tlie iddress and telephone number 
of the Master File and other hospitals were given Bv 5 p m Sundav 
identit) of all but two men had been established 

At the request of the Adniiitmg Officer one worker was assigned to 
telephone to some Oo patients who had appointments for admission dunng 
the ensuing week explaining the nccessit) for postponement on account of 
the admission of disaster vnctinis Another worker was asked to call 
hmihes of those dead whose homes were at a distance and explain the 
situation 

Our expenence has convinced us that during a disaster no services 
can be considered meclmnicnl Giving information or compiling data and 
making records require a de g re e of judgment ind skill not demanded under 
ordinan circumstances Because of the extreme emotional tension under 
which people are suffenng and the stunned sense of isolated l>ewildennent 
Instructions are often not rcadilv comprehended Customar) routine such 
as asking for information needs to l»e individualised and far more skill in 
interviewing is required Even the bnefest contacts become charged with 
meaning and often the simplest services arc vulualile out of all proportion 
such as dialing a telephone number for a confused relative. 

On Sundav the mnming following the disaster at the request of the 
Supervisor acting as held nurse in the speaal ward two medical soaal 
workers were assigned to the ward one to attend the telephone line over 
which inquines about patients were routed the other to control admissions 
to the ward This second assignment after 24 hours was earned b> ex 
pencnccd volunteers from the War Service Committee The assignment 
to the nurse s desk to answer telephone inquines about patients rapidl) 
developed into a fuller service In cooperation with the head nurse an 
up-to-the minute report on condition of the patients was maintained so that 
reports could be rcadil) given to relatives The patients at first too stunned 
to realize the situation soon began to ask questions AVhat had happened 
to wife or husband’ Where were the others m the part) ? Had they escaped ? 
Manv patients had members of family and fnends who were also victims 
The bving and dead members of groups vra-c vvidel) scattered Messages 
of inquiry and reassurance passed rapidly to-and fro The information ac 
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cumulated \\as useful to the doctor in dealing with problems of when and how 
to inform the patient about the death or condition of other members of the 
family or party 

On direction of the Administrator on duty, incoming mail to patients 
\vas opened, read, and wherever there was question about reading certain 
messages to a patient, the approval of the doctor was secured Many patients 
had bandages over their faces which prevented use of their eyes, and so it 
was important to read mail to them Afessages, letters and telegrams from 
patients were handled by Social Service for them 

Practical problems distressed patients and needed attention Among 
these were witnessing a will, attending to insurance papers, inquiries about 
clothing and valuables, transfer of automobiles left near the scene of the 
disaster, job adjustments and communication with employers, letters to be 
w'ntten, household arrangements such as messages to maids at home, care 
of pets, liaison with army and navy authorities Discrimination Avas neces- 
sary as to what could be handled by the social worker and ivhat needed 
clinical or administrative sanction There %vas need for some exercise of 
judgment and counseling also in relation to the patients’ or families’ requests 
which under the stress of the situation sometimes show'ed hasty ill-advised 
decisions 

On the third day, at the request of the staff doctors, the s'ocial worker 
on dufy accompanied the doctor as he interview'ed relatives w'ho were still 
excluded from the ward This intervuew sensed to establish in the visitors’ 
minds the fact that the social worker was working with the doctor and 
that she could be used for interchange of messages and interpreting the 
patient’s condition A special attempt w'as made to "relieve the emotional 
stress of the relatives by giving them an opportunity to talk Some of 
them had special need for this Foi instance, the father summoned from a 
distant city because of the imminent death of his daughter but arriving 
too late to clear up a misunderstanding between the daughter and her mother 

By previous agreement one of the Social Senuce Staff had been appointed 
liaison with the Red Cross Disaster Relief Their resources had been 
prompt!} offered Although most of our patients were m comfortable 
economic circumstances there were some serious and urgent needs for 
advice and guidance in meeting the necessary adjustments, especially for 
families at a distance Daily intercommunication with the Red Cross was 
established early. Their generous outpouring of helpfulness material and 
friendly, is another stoiw' 

Under the urgency of a disaster such as this the focus of clinical concern 
of the phvsician and nurse is sharpened, the area of attention marked!} 
restricted .At the same time the personal and social aspects of the patients 
problems arc especially acute and distressing For them the experience of 
sudden shift from well-being and gaiet} to painful and serious injur}, and 
f<ti main the death of some lo\ed ones, created decplv distiirhing romplica- 
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lions that needed special psjdiiatnc attaition Deep gnef cxpcnence came 
to man} patients at a time \\hen tliej were endunng ph}sical suffering and 
immobilized and isolated the} could not act for thcniscl\es The necessar} 
*^00 nsitors” precaution made it more difficult to turn to their families for help 
Onl} b} v,ell integrated teamwork among all the professional personnel 
charged v,ith the rcsponsibiht} for ser\ncc to patients could the total situation 
of eadi patient become comprelicnsiblc and be dealt with This teamwork 
at the time of the disaster can be sustained and function onl} on a foimda 
tion of p^c^^ous teamwork experience and mutual confidence. Tluvs Socwl 
Sen ice was prepared to cam its own responsibilities and also some of tlie 
per\onal semee to patients earned b} nurses and doctors in tlic usual da\ a 
work. We are well aware tliat after all the \anous professional skills are 
expended in meeting the patients acute needs there are left for man} of 
them broken homes responsibilit} for care of fatherless children and loneh 
ness wounds which time and inner resources alone can heal 


NEUROPSYCHIATRIC OBSERVATIONS 
STANI.EY Cobb, M.D , and Erich Lindemann, M.D 

FROM THE DEPARTMENTS OF PSYCHIATRY, MASSACHUSETTS GENERAL HOSPITAL, AND OF NEUROPATHOLOCI 

HARVARD MEDICAL SCHOOL, BOSTON, MASS 

The studies to be reported here do not deal with all the neuropsycliiatnc 
abnormalities which occurred on the Disaster W ard Mild transient confusions 
and delirious conditions, fluctuations in consciousness, fleeting periods ot 
restlessness were handled by surgeons and medical men without the need 
for a special psychiatric inquiry 

This report deals rather with the problems involved in the emotional 
adjustment of the patient to the disaster, with all its implications — dis- 
figurement, lasting disability, loss of work, bereavement, and disturbed 
social situations We wanted to learn how to recognize those patients who 
are liable to emotional disorders, to prevent such disorders if possible, and 
to help those who had become victims of untoward emotional reactions 

The first request for psychiatric help came through the social workers 
who w'ere serving as liaison personnel with relatives and friends Thev 
soon had become aware of the fact that the emotional upset which followed 
the discovery of a body had attained, in some of the relatives, the proportions 
of a major psychiatric condition and needed trained intervention, and it was 
at their insistence that we first witnessed the states of acute grief w'hich will 
be discussed in detail later in this study. 

From observing violent reactions in the relatives, w^e concluded that 
similar reactions might occur m the patients on the ward as soon as they 
were recovered enough to deal wnth the disruption of their social relationships 

The social workers continued to confer with the psychiatrist about the 
management of milder reactions and were extremely helpful in the arrange- 
ment of the subsequent systematic studies. 

On the eighth day after the disaster, the psychiatrists w^ere invited to 
review all patients still on the w'ard The occasion w^as a dramatic psychotic 
episode in a wmman who had not been confused and w^as not then showing 
signs of impairment of brain functions, but w'ho had responded to the new'S 
of the death of her husband and son with a state of exatement and intense 
paranoid suspicions about the w^ard personnel She also believed that nurses 
and doctors w'cre considering her an immoral, sinful person and w'crc 
jilotting to detain her and to prepare for her punishment She insisted upon 
leaving against the advice of the physicians and was able to persuade ineni- 
bers of her family to demand her release. Ps\chiatnc inquirj^ showed that 
this patient had had a former episode of mental abnormality with obsessive 
fears, depression, and mild agitation Follow-up reports show tliat her 
''Ubscqiicnt adjustment has remained quite precarious with spurts of over- 
acti\il\ alternating with periods of apatln but that she has not deielojied 
an\ frank psxchosis 
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In the light of tins incident it was dcadcd to nuKc a bnef ps)chtatnc 
stud) of all the patients left on the ward m order to be able to antiapale 
subsequent emotional disturbances Sc\entcen patients ha\e been so re 
Mcucd Each receued a neurologic and psvchiatnc examination Abnor 
niahties in mental status i\cre rccordctl A ps)chiQtnc histon \\’as obtained 
from the patient and inth the liclp of social workers from the relatives Plans 
tlicn were made with surgeons social workers and the occupational therapv 
workers for tlic best care of each patient m the light of our observations 
aliout lus emotional reaction patterns and his former modes of adjustment 

The group as a whole was of fair intellectual level Excqit in one 
case there was no aphasia or apraxia, and the disturbances of ineniorj 
were limited to amnestic scotomata winch was difficult to separate from the 
the efTects of nnjiairmcnt of con^tousness at the time of the accident The 
one case tlial showed neurologic svmptonis with signs of cerebral lesions is 
(lesrnbcd first 

One patient showed a cicar-cut picture of cerebral lesion Tins was 
a mamed woman age 35 wlio was admitted in profound shock witli 
stcrtoroiu brealhuig She was quite red and carbon monoxide poisoning 
was diagnosed At 11 30 pxi owgcn was started and die had become 
active and nois) but was out of toudi with her surroundings Twelve hours 
bter she was still restless and disoriented she occasional!) spoke short sen 
tcnces tliat had little relation to the situation P) 7x0 pm she was 
extreme!) restless thrashing about with her arms and legs and had to have 
restraint and sedation After that she was quiet for 12 hours Dunng the 
next three da)s she alternated between penods of motor oettvatj and periods 
of quiet due to sedativ-es Wlicn aroused she thrashed about On December 
3 It was noted that the movements were definitely athctoid and were accom 
panied h) facial grimaces These movements reached on apex on die fifth 
to tenth davs when she showed a full blown picture of athetoid diorea 
espeaall) marked on the left side Along witli this there was jaundice, 
semicoma and speechleisness 

The picture of athctoid chorea was gone b) tlie fourteenth da) Dunng 
the next two weeks the patient began speaking but showed marked aphasia 
whidi resolved into a dysarthna plus extensive memory defect (31st day) 
The memory improved over the next six -weeks so that she could remember 
events for a number of hours and even up to three days It is very much 
unpaired even at the last examination {94th da> ) , she remerabers facts that 
she did certain thmgs such as that she had lunch with a certain person she 
seems to have lost all abihty to revusualize to remember what the scenes 
were like and how people looked and even how objects looked The 
dysarthna remains 

Ihagnons — There was cndentlv on extensive asphyxia of nerve cells 
of the brain This appears to have been very widespread and to have affected 
both the basal ganglia and the cortex In the cortex there is no special 
localiration except that the lower end of the motor area in the left hemi 
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puberty These consist of trembling, heart palpitation, choking sensations, 
and the fear of impending disaster She had not obtained any adequate help 
for her psychoneurotic symptoms and restiicted her social activities and 
occupational plans because of them She had come to consider her life a 
failure The Cocoanut Grove incident had seemed to her the final fulfillment 
of all her fears During her convalescent period in the hospital she was a 
very cooperative, if somewhat discouraged patient Except for her timidit} 
and anxiety, she had no emotional difficulties during her hospital convales- 
cence, but after she left the hospital she was unable to make a satisfactory 
home adjustment She Jeels too disfigured, believes she has no chance for 
further happiness, and is hopeless about the future She is being continued 
in regular psychotherapeutic interviews 

The othei patients did not show any significant history of previous psy- 
chiatric difficulties None of them had positive symptoms of neurosis, psy- 
chosis, or personality defect, 

REACTIONS TO BEREAVEMENT 

Seven patients became problems of psychiatric study and management 
because their recoveiy was complicated by seveie grief This study provided 
an unusual opportumty to observe the , mechanisms of grief by which the 
bereaved person reestablished his equilibrium after the loss of a beloved 

Within a few days after the incident, as soon as the patient recovered 
from the shock and clouded consciousness, the question arose of when to tell 
him about his loss It was obvious that both the physical and mental condi- 
tion must be such that the individual could tolerate the message 

Our observations concern seven bereaved patients Three of them said 
that they had been told just at the right time Three felt that they had been 
reasonably certain of the loss and the final confirmation appeared as a relief 
of uncertainty rather than as an additional shock One patient suspended all 
inquir}^ about the details of her husband’s fate for more than four weeks, 
deliberately occupying her thoughts ivith personal friends and pleasant fan- 
tasies and recollections When, however, her relatives visited her, the) 
became more and more uneasy because the range of topics discussed m con- 
versation was necessarily small Any reference to the lost person and any 
attempt at planning the future had to be avoided It finally became the 
psychiatrist’s task to confront the patient with the sad new’s This was done 
in the slow process of gradually recalling to her the details of her family 
life, her relationships to her children and relatives, and making it inescapable 
for her to inquire positively about the fate of her husband Her first reaction 
was to blame her relatives for withholding the neu's and in the subsequent 
inlcr\ lew s there w’as a marked hostility against the psjchiatrist. After a 
grief period of less than a week she continued to make an unperturbed recov- 
er\ “-o far as her physical condition was concerned She has refused an\ 
further relationship with the psechiatrist but has apparenth mafic a fairh 
good adju^'tnicnt at home 


18 
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Frequeiil du^tssioiu between tlic surgeon and the ps}dnatnst were 
neccssarj to weigh soniauc and psychologic fictors bcanng on the nght mo- 
nient of delucnng the message of berea\enicnt 

The second task of the psxcliiatnst was to assist the person with the 
adjustment to die loss and to steer him through the disturbing period of 
intense emotional uphca\’al whicli ensued during the subsequent weeks It 
became apparent tliat the difTercnt jaticnts sliowcd considerable \-anation in 
lhar reactions Common to all of them howc^•er was the following syn 
drome Sensations of somatic distress occurring m wa\cs lasting from 20 
niimites to one hour a feeling of tightness tii the throat choking with short 
nei>s of breatli need for sighing nntl an cinpt> feeling m tlie abdomen lack 
of power in the muscles and an intense Mihjectue distress descnlied as 
tension lonesomcness or mental jiain Tlic patiait soon Icamcil that these 
waves of discomfort could be prcapitated by \isils by mentioning the dc 
ceased and b\ receiving svanpathy There was a tendency to avoid the 
syaidrome at any cost to refuse visits lest thev would preapitate the reaction 
niid to k-eep delilcmicly trom ones tlioughts all references to the deceased 
Three men appeared m the psychiatnc interviews to be in a state of tension 
with tightened faaal musculature unable to rela\ for fear they might ‘ break 
down It required considerable persuasion to yaeld to tJie gnef process 
before they were wnlhng to accept the discomfort of bereavement One of 
the patients assumed a hostile altitude toward the psychiatnst, refusing to 
allow any references to the deceased and rather rudely asking him to leave 
This attitude remained throughout his stay on the ward, and the prognosis 
for his condition is not good in the light of other observations Hostility of 
tins sort was encountered on only occasional vnsits vvnth the other patients 
They became vnlling to accept the gnef process and to embark on a process 
of dealing m memory wntli the deceased person As soon as this became 
possible there seemed to lie a rapid relief of tension and the subsequent 
mtervncvvs were ratlter animated conversations m which the deceased was 
ideahied and in which misgivings about the future adjustment were 
worked through 

It seems that the gnevmg person can delay his gneving penod but not 
avoid It and tliat individuals who show no signs of gnef dunng the penod 
of conv-alesccncc from their somatic injuncs arc Iikelv to have disabhng 
disturbances at a later period Prophv lactic care is most important here 
The patient must be allowed to carrv through Ins gnef reaction at the optimal 
time without undue deby he must be assisted m his efforts to extneate 
himself from the bondage to the deceased to be prepared to face the task of 
soaal readjustment when he leaves tlie hospital 

BPECIAL STUniES 

In addition to these problems of chnical management the solution of 
certain research problems has been brought nearer realization through the 
cooperation of a group of patients For some time the Department of Pay 
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GRAPHIC REPRESEK'TATIONS OF ACTION-SILEA'CE 

Figures I to 7 iircscnt interaction dironograms which show the striking diffei- 
cnces in actnity rates observed in patients wutli acute griet and in those suffering 
from other forms of morbid depression 

Figures 2 and 3 represent mood disturbances which were seen in tlie Psjchiatric 
SerwMce They showed depressive reactions w'lth the usual slowmess of response and 
underactivity Figure 4 shows a patient who was found in a mild manic state of 
o\eracti\ity with euphoria and cheerful thought-content Contrarj^ to expectations, 
the interaction chronograms of berea\ed patients as shown in Figures 5, 6 and 7 
show o^eractlVlty and no retardation and slowness of response as seen in other 
depressed states 

SCHEAIATIC REPRESENTATION OF TAPE. FIGS i TO 7 INCLLSINE 

To show actions, silences, double actions, and double silences (double actions and double silences 
iccVoned from Subject A) 
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SUBJECT B 


SCALE I 1 l’* 10 SECONDS 

0 10 


Kir I shows the \arioiis sjmbols assigned to different esents in interaction (A) — ncti\it\ (\er 
bal or gestural), (S) — silenoe (inactnitj) (u) — double action initiated bj the patient (such a' 
\erbal interruption), (\ ) — double action initiated h> the doctor, (w) — double silence due to failuri. 
to respond on part of the patient, (x) — double silence due to failure to respond on part of the doctor 

A bar o\er the ii, %, w, or x (u) indicates double actions or double sdcnocs after which the 
jiatK-iit continues 

The tape moscs at a speed of five inches per minute An obscrscr sits behind the screen and 
obserscs through a one was window She records on the mosiiig tape b> means of Less the actisities 
of the two participants iii the iiitersiew under the headings nieiitioiicd iliovc Tins tape i- then 
inatlimiaticallj an lijrcd to gi\e the curses shown in 1 igiircs a to 7 


Figures 2, 3, 4, 5, 6 and 7 arc graphic presentations in “cumulatisc senes” of 
lour tjpes of relationships 

(1) '\-S represents the relationship of the patient’s periods of actnitf to his 
periods of silence The more o\cractisc he is the more positive is the slope of the 
A-S curse, the more underactis'e he is the more negative is the slope of this curse 

(2) u-ss represents the relationship of the ptaient’s double actions (such ns his 
interruptions of the doctor) to his failure to respond 

(3) s-v represents the relationship of the doctor’s double actions (such as his 
interruptions of the patient) to his failure to respond 

(4) fJ-o represents the relationship of the patient’s initiations of actions to those 
of the doctor 
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CURVES IN ACUTE GRIEF AND ALLIED CONDITIONS 
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chiatry has been interested in the physiologic and psychologic aspects of 
acute grief Since acute grief is one of the most frequent psychogemc fac- 
tors found in patients with psychosomatic disorders, such as asthma, colitis, 
and rheumatoid arthritis, we have been anxious to discover what physiologic 
features of grief might play a role in contributing to the etiology of these 
disorders 

In the fire victims there was evidence of disturbances in autonomic func- 
tions The pupils were generally large During the surges of acute grief 
described above, there was usually sighing respiration, “hot waves” to the 
head, flushed face and perspiration. Systematic spirograms were not satis- 
factory because of the chest involvement We have, however, been able to 
carr}'- on observations in bereaved relatives who showed the same sighing 
lespiration The result of these studies will be reported elsewhere There is 
indication that the altered respiratory activity, combined with the disturbance 
of sleep and appetite, may form the nucleus of a physiologic disturbance 
which forms the background for the “emotional distress” described by the 
patients 

Our data are somewhat more complete for the study of the amount of 
activity presented by tlie fire victims and bereaved patients It is known 
that in states of morbid depression a patient is likely to be "retarded” in 
speech and action Contrary to expectation, in the state of depression and 
unhappiness following such a disaster experience, there is not a reduction in 
activity as IS seen in cases of psychotic depression, instead there is an 
increase in need for activity This can be strikingly demonstrated by a new 
measuring device, the "interaction chronogram ” The patients were examined 
during a psychiatric interview for the timing of their verbal and gestural 
activity A record was made in this way of their interaction with the psychia- 
trist and a graphic presentation was furnished, showing the balance of activ- 
ity and inactivity at any given time These graphs furnish an objective 
record of the patient's capacity to be active, of his hesitations after questions, 
and of his tendency to "out-talk” the examiner in conversation We found 
that all bereaved persons examined, show^ed a positive slope of the action- 
silence curve, indicating a surplus of activity over inactivity (Figs 1-7) 
(For a brief description of procedure see Figure i , for a complete descrip- 
tion ref Chappie and Lindemann^) 

This finding is of special significance because it indicates a drive for 
activity in individuals who at the same time complain about apathy, inability 
to initiate any action, and lack of interest m their ordinary pursuits Our 
observations seem to indicate that there is a good deal of drive for activity 
anH the lack of "conduct patterns” by Avhich to express their drive A good 
manv dailv activities were conditioned to the presence of the deceased and 
could no longer operate But more than that, other activities not obviously 
connected with the presence of the deceased have lost their meaning and are 
carried out only with difficulty It is therefore, not surprising that only 
two of our series of mourning individuals were able to resume their ordinary 
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actnnliM after lca^^ng the hoipital TIic otlicra still find tlictnscivcs aimless 
lacking in mitiativT and lookang to otlicrs for suggestions to follow 

These obsenTitions are still going on but nlrcadv indicate the nece5sit\ of 
a careful follow up stud) of both patients and relatives We Imvc made an 
effort to reacli as manj indmduals insoU'cd in the tmged) as possible but 
5C\*cral months must elapse before an) final conclusions can be drawTi 

Discussion — Of 39 patients admitted to the hospital 5e\cn died 
wathm 62 hours. Of the sumrors at least 14 presented neuropsycliiatnc 
problems This high incidence ma) seem surpnsing but it fits well wntli the 
experiences of ps\*chmtnsts working in general hospitals Fort) five to 55 
per cent of the patient population arc likel\ to present psydiologic factors in 
ther problems. 

Unless the ps)'chiatnst lias on opportunit) to sec all the 'vnetuns of a 
disaster danger signals and opportunities for liclp along p 5 \-cliologic lines 
ma) be overlooked since the> arc b) no means ob\nous to the imtnuned 
worker 

Conditions prcdominanth due to cerebral damage were rare, probabi) 
because thc\ usuall) lead to dcatli Conditions predominantly due to 
gemc factors showed a high inadeiKc In all patients vntli eJear-ent neuroses 
and pS)xho«s the ps^chtatnc histon offered cine'? as to the likelihood of 
such development imder stress This obsenTition fits well with recent studies 
concerning traumatic neuroses in the armed forces* * It seems well founded 
that mduction boards refuse admission to tlie armed forces to candidates 
who show a former history of psychosis or ps)xhonetirosis 

The more severe emotional disturbances encountered in formerly well 
adjusted patients seemed to be due not so much to the unpersonal effects of 
the disaster (fnght and horror) as (0 the problems m personal and social 
relationships mvolving conflict and guilt Similar obscrrations are reported 
by Ssrgant,^ m 1940 and Wilson* in 1941 after the disaster experiences of 
members of the Bnbsh armed forces and aiilian population 

Psychiatnc assistance in the solution of these personal problems and in 
readjustment after a soaal ensis forms an unportant part of the care of 
disaster victims 


suooBflTiopfft ron ruTuuc EinmoEMnEs 
Our observations seem to indicate that the ps>chiatnst can operate as a 
useful member of a disaster unit His work may be divided into three phases 
In the first few days severe shock and life sanng procediu-es occup\ the 
field. Apathv and exatement confusion and delirious 'itates liave to be ban 
died by proper sedabon and proper surroundings In our present obsen’a- 
tions we have only indirect evidcDce of the vicbms emotional states at that 
time Two patients complained of the lack of a chance for endunng contact 
with one person— doctor attendant or nurse everything seemed to change 
every person who arrived seemed to be new no Information or outside news 
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was available, the days were ones of utter bewilderment, offering no frame 
of reference It might be advisable to have the ward personnel as small as 
circumstances permit or so divided that patients have a chance to deal with 
the same person repeatedly 

The second phase deals with the psychiatric care of the convalescent 
patient, advising him in his transitory problems, determining when messages 
should be delivered or revelations made, and managing with the patient his 
efforts to readjust 

The third phase deals with the psychiatric care of the convalescent patient 
after he leaves the hospital and his proper readjustment in the community 
We can, in this manner, have reasonable hope of preventing the occurrence 
of prolonged maladjustment or traumatic neurosis 

During the first phase, the psychiatrist's chief contribution is his aid to 
the relatives and his counsel to the medical social worker who is dealing 
with the numerous problems of family and work relationships During the 
second, he is intimately involved with the internist and surgeon and must 
continue his contact with the social worker, which becomes even more impor- 
tant during the third, when social readjustment forms the center of interest 
Throughout the whole of the three periods, not the least of the psychiatrist’s 
responsibilities is determining what can safely be delegated to the medical 
social worker and guiding her in her efforts 

It seems fair to conclude that it is desirable to have psj'chiatnc evaluation 
of patients early in the course of their hospital care, continued psychiatric 
attention to those patients w^ho are in a precarious emotional state, and, 
lastly, aid in making readjustment, especially to bereavement, after leaving 
the hospital 
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RESUSCITATION ANT) SEDATION OK PATIENTS ^^ITII BURNS 
WTIICII INCLUDE THE A^l^^A\ 


J*OiIE PROBLEMS OF llIMEDI^TL TnEn.vr> 

IlrNR'i IL Beecjieil NLD 


rxox Titi 

^'ormcu 


CtBTAlK ASPFCTS of tlic Cocoaniit Grmc disaster arc diaractcnslic of 
conditions encountered in most conflagrations of flic flasli bum tt-pc. In 
tilts report attention ivill be gn-cn pnnianl} to tlic factors of general interest 
These matters are particularli nppropnatc for consideration at this tune for 
m the present indespread use of nieclianised warfare flash burns arc exceeil 
inglj comiuon 

As the patients from the scene of the disaster were croNsded into the 
hospital it became apparent earl) that the) v^-erc divided sharpl) into two 
groups Tlie lu mg and the dead or near dead None in the former group died 
m the first 12 hours none in tlic latter group lived more than a few minutes 
after arrival 

The patients who la) quiellv at rest on arrival were in the ntinontv As 
soon as it could be established tcntativelv that these few individuals had not 
suffered central nervous s)steni injuncs or were not stupefied bj smoke 
inhalation and showed no signs of approaching shock it was clear that tlw 
larger hyperactive group needed ll>e most attention alUiough at the same 
time the importance of watching these quiet ones was not mimmixed 

An outstanding charactenstic of the Imng group was h)"pcTactrvit\ even 
to the txtent of mama in some cases Ones first impulse is to assume that 
this h>'peractrvit) is due to pain Prom the histor} of other smular tragedies 
this appears to have been the usual assumption and the patients treated ac 
cordingl) A careful appraisal of the causes of this hyperactivity is of real 
assistance in planning individual thcrap) In Uie Cocoanut Grove disaster 
we had a unique opportimily for simultaneous oliservation of a considerable 
nvmvbcr (39) ot vnctims of the same acadent It was quite apparent that 
pain was an Improbable cause of the ol>5crv'ed livpcractmt) in man> cases 
‘Is iinu; progressed the importance of correctly diagnosing the cause of this 
hyperacinnty tn a gwen case became tnereastngh clear for proper therapy 
depended upon differeniiaUng between three possible major causes 


COMMON CAUSES OF IITPEHAC nVI TT 

(1) PfftH —Unquestionably ptm was present m man> patienu This 
was due to burn*, to irritation of mucous membranes chiefly the eyes and 
the airway by irritant gases and to physical violence a* a result of the panic 
that had occurred 

(2) Fear and Hysteria as a result of the individual s experiences appeared 
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to influence the behavior observed of those wlio had no injuries and doubtless 
were also a factor in the behavior of- many of those with physical injuries as 
well It will be recalled that this disaster occurred in a night club at about 
TO 15 PM Alcohol in some cases doubtless contributed to the excitement 
and the lack of self-control The panic of the crowd and the physical pain 
and discomfort shared m producing the hysteria observed 

(3) Anoxia — Cerebral anoxia is well known to give rise to excitement, 
occasionally to loss of self-control, and at times to manic behavior This 
sequence is not infrequently encountered m chronic heart failure Anoxia was 
probably a factor in our patients due to two main causes (r) Interference 
witli oxygen intake from obstruction of the airway was caused by a number 
of factors, for example, foreign bodies, chiefly vomitus (This was a common 
hazard in the comatose but not m the hyperactive group ) Severe bronchial 
spasm occurred from pulmonary irritation caused by inspiration of the hot 
and noxious gases and probabl)^ interfered with the intake of oxygen Edema 
of the ainVay developed into a problem beginning chiefly about four hours 
following the burns How much of a lethal factor edema of the airway was 
in those who lived only a few minutes, is uncertain (2) Impairment of 
oxygen transport by the blood was a factor in the development of anoxia 
largely as the result of the formation of carbon monoxide hemoglobin 
Neither methemoglobm formation nor hemolysis as the result of encounter 
with noxious gases was a factor in our cases While acute anemia must 
always be considered as a cause of cerebral anoxia, neither hemorrhage from 
associated wounds nor low blood pressure from shock was important here 
In about one-third of the patients measurement of the blood pressure was 
not carried out because of interfering burned areas Judging from other 
clinical signs these patients were not m shock Where it was possible to 
measure blood pressure two patients were found to have brief periods of 
hypotension , but frank surgical shock did not develop in any of the 39 
patients 


THERAPr OF THE CAUSES OF HYPERACTIVTTT 

The importance of properly diagnosing the cause of the hyperactivity 
emerges from considerations of therapy Moreover a clue arises here as 
to the reasons for the often made recommendation of the use of enormous 
doses of morphine m burned patients Occasionally large doses may be 
necessary , it appears probable in many cases that they are not only unneces- 
sary but are in fact contraindicated When the hyperactivity of the patients 
is caused by fear or hysteria or by cerebral anoxia the use of large doses 
of morphine is obviously unwise It seems probable that in burned patients 
morphine may often have been used in an attempt to treat conditions which 
will not respond favorably to morphine however laige the dose An examin- 
ation of the probable reasons for the use of large doses of morphine may 
throw^ some light on w'hat is rational sedation for this group of patients 
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PAIN 

U has conw to be accepted as a fact in medical practice tliat enomions 
doses of morphine must he used in the treatment of burned patients doses 
that under nannal circuiuatanccs might of tUcmsclees l^e fatal Against this 
u the obscn-ition (Hard) Wolff and Goodcll*) that the analgetic action of 
morphine increases rapdU up to lo mg (% gram) mtramuscularU hut is 
increased little h) doubling or tnplmg the dose ^\^l1lc little of added benefit 
u obtained b> tins doubling or tripling great increase in the toxic effects 
particular!) respirator) depression results iticrcfrom It seems reasonable 
lo quesUon the advisahiliti of the use of the ctistomaia large doses of mor 
^)]llne Support for tins 'icw nlvi emerge* as mil be described bclov, from 
the rcahzation tlot other factors Iicsidcs pain ma\ liclp to account for the 
hvpcractuc, c\cn niaiuc lieliaiior of individuals who have l>eai subjected lo 
a conflagration 

Tor pain inorplmic ndnmiislrntmn is tlic treatment of clioicc It iniurt 
cunstantl) be borne in mind lliat the common Icndcncv in a disaster of this 
Wind IS to Qvemiedtcate Safetv depends upon the use of rather small divided 
doses repeated as necessar) Emphasis on these elcmentarv matters ma) 
seem needless but our experience was otlierwase Tor intravenous admmistra 
tion somewhat smaller doses are chosen than for subcutaneous or intramuscular 
use- Intravenous injection of the morplimc is best— S to to mg (J-jt to % 
gr 1 doses are used Sudi doses as these should be injected oier to 
seconds and ma.\ be repeated intravcnousU m about 15 minutes until the 
desireil effect is obtained ^Vhcn mam patients need treatment it once 
there will often not be tune to administer the agent mtravenonslv 

Whenever the subcutaneous or intramuscular routes of admini iration 
of morpliine (or other agents) arc considered it must lie borne in mmd 
tliat under circumstances where the penpheraJ orculation is slou or inactive 
the injected agent may not be absorbed In patients coming from a fire 
several conditions tend to reduce the pcnphcrol circulation and consequently 
tlie rate of absorption of agents injected into the subcutaneous or mtra 
muscular regicms Chilling from cold water sprav and water soaked clothing 
(our patients bad m some cases rectal temperatures as low as 94 F pain and 
fear and low blood pressure from various cause*. Under nrcumstances 
such as these agents injected Into the subcutaneous or intramuscular regions 
will be absorbed very slovvl) if at oU Lack of attention to this possibility 
niav result m repeated injection of the agent into these *^refractor) pauents 
Later when the penphcnil arcuhuion ha* been reestablished by shock tlierapv 
or warmth the total injected dose may be absorbed at once with disastrous 
results 

When large numbers arc to be cared for as quickly as possible when 
the penpheral veins arc collapsed when slow absorption of the agent is 
desired and for various other reasons subcutaneous or intramuscular use 
may bt ployed Here 15 mg gr) doK, may bt adtmnmcrcd In 
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such a case it is advisable to make up the solution (vi^hen a considerable 
number of patients must be treated rapidly) m a 20 cc syringe with 15 mg 
(M ) per cc concentration A second such dose can be repeated m 20 
minutes for a robust subject with severe burns Increase in morphine medi- 
cation beyond 30 mg gr ) is made only after one has assured himself 
that the need is for treatment of pain rather than fear or hysteria or anoxia 
Even then, the justification m most cases for such large doses is questionable, 
as mentioned above 

If there is any possibility that large doses of morphine will be required 
it IS advisable to use an extremity for their injection, and the site should be 
marked with a dye so that if signs of overmorphinization appear, absorption 
can be delayed by the use of a tourniquet above the site of injection An 
unburned extiennty should of course be chosen, for a tourniquet placed 
about one with peripheral burns would increase the edema formation in tlie 
injured area 

FEAR AND HYSTERIA 

Fear and hysteria are best treated by repeated intravenous administration 
of a barbiturate, for example, sodium pentobarbital (nembutal) in 90 mg 
(gr 15) doses In patients with pulmonary damage it is doubtful if more 
than two such doses should be given initially While opinions are divided 
as to the wisdom of using paraldehyde m patients with injury to the lungs, 
there appears to be no serious objection to the use of small doses intraven- 
ously, as follows Two or three cubic centimeters of paraldehyde may be 
injected ovei a half minute One patient (Case y) received paraldehyde, 
q cc intravenously 


ANOXIA FROM AN INADEQUATE AIRWAY 
Treatment of an inadequate airway takes precedence over all other forms 
of therapy The following factors require consideration 111 this therapy 
The Removal of Foreign Material — The Cocoanut Grove victims were 
either dining or had only recently finished dinner Probably vomiting was 
more frequently encountered in this group than is usually the case in burned 
patients Vomitus in the airway of the patients who arrived at the hospital 
either dead or in a moribund condition may have hastened some deaths It 
IS unlikely that such obstruction was present m the other, the hyperactive, 
group of patients Occasionall}^ aspiration of the mouth and throat of 
these patients was earned out as a preventive measure 

Jnii atracheal intxihaHon was carried out in three patients In one of these 
cases it was necessar}'- about two hours after admission 

It was considered to be hfe-saving in this case Gross overdosage with 
morphine was present, and the intratracheal tube facilitated artificial respira- 
tion which was necessary intermittently over a fii'e-hour period In another 
case intratracheal intubation was used to facilitate bronchial aspiration several 
days after the accident In the third case the procedure was used terminally to 
facilitate respiration preceding death One or tvo other patients vould ha^e 
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rccci\ed intratraclical inlubation had tlie\ not been \unnung It ui.uall) 
im\nse to introduce an uiiratracltcal tube into i TOiiiitiiig patient for ilie ncccs 
sao Icical anesthesia ina\ jicnnit the aspiration of \oniitus It is also unwise 
to insert an intratmcIieaJ tube surrounded b\ an inflatable cuff to jirei'ent 
aspiration for sucli inflatable cuffs ha\c prodiKed damage to normal mucosa 
of such degree that subsequent to tlicir rcmo^-al fatal local edema lias occurred 
therefore we did not chdose to use them in these subjects with alrcadi in 
flamed tissues The best solution of this problem seems to be careful watdiing 
of 'll! patients with iinmcdiatc tracheoiomt m those that are \omiting when 
the atnvay sliows signs of inadequacj 

frachfolomy was required for the first time sue and one lialf hours fol 
lowing the fire- In all fi\c tracheotomies were earned out in the 39 patients 
during the reco\eri penocL Tltrec of the fixe patients died The onset of 
senous edcnia of tlie airw-a) m otir ease* sexcral hours after the hums is 
in agreement with the Inston of other similar disasters notabU that of tlie 
Crile Qmic. 

Trcaliuent of Brouchospatm — Hoxx great a role bronchospasm pbxs iti 
the inadequate xentilation of the lungs in siidi patients is difficult to estimate 
Hie brotKhospasm was initiated presumab!) h) heat or b\ the imtant gasc^ 
breathed It ma) liave been a factor m preapitating or aggrax'atmg pulmonarx 
edema formation It was the consensus of opinion of those who examined 
die chests and roentgenograms of the patients that bronchospasm xsas a 
factor m produang the w-cll-demonslrated peripheral trapping of air Local 
edema as \rell as foreign bodies ansing from sloughs m the bronchiolar wall# 
were also doubtless mxoUed m this Attempts to treat this bronchospasnx 
with cpuiephnne or ephednne appenred to be quite unsuccessful In a few 
cases the intnxcnous adnnnistration of 05 Gm (7 5 grs ) of ammophi llinc 
appeared to be followed unmediately b> better \enlilation and m some case# 
liv cough witli the raising of sputum Tins benefit max liavc lasted fof 
onlx ten or fifteen minutes estimation of tins was diffiailL WTienexer injun 
of the ainxax has occurred os in these latienls it is important to humidifj 
the air breathed All gases administered sliould be satiimted with water 
xapor 

Oxygen Inspired — Patients showing an> signs of anoxia were immediateh 
given by mask 100 per cent oxygen to breathe In the first six hours scied 
of 39 patients required high oxygen concentrations These were administered 
in order to get not only os full saturaUon of hemoglobin as possible through 
the damaged respiratory epithelium but also to get the advantage of oxygeh 
dissolved m the blood plasma Subsequently a total of 13 patients required 
oxygen therapy chiefly by tent 

Increased Pressure in the ^imwy — When oxygen 13 administered in 
dostd jyjtcm under positive pressure a greater diffusing surface is affordeif 
the alveolar gases and the blood and possihiv the smaller airways are in- 
creased in diameter In the pressure, with the result that olistructmg secre 
lions are less effectne in blocking the passages than they were If this is the 
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situation, drainage might also be promoted by positive pressure It is said 
that the use of positive pressure will prevent or curtail ttie lormation oi 
pulmonary edema This seems to be open to question Some believe, al- 
though incorrectly, that the partial pressure of the alveolar ox}^gen can be 
significantly increased by safe positive pressures While this might be true 
at very high altitudes it is not true at ordinary atmospheric pressures Not- 
withstanding the possible advantages to be gamed from positive pressure 
we decided, rightly or wrongly, not to use it m these cases In the first 
place, m a fairly wide experience with positive pressure in patients under- 
going thoracic surgery it has been our observation that this procedure 
often lowers the systemic arterial pressure, probably by interfering w’lth 
the passage of the blood through stretched out and narrowed alveolar 
vessels with the result that filling of the left heart is impeded Posi- 
tive pressure appears to interfere with carbon dioxide elimination Finally, 
several patients exlnbited a paradoxical pulse We construed this to be a 
further argument against the use of positive pressure 

Helium — When the tidal volume of air is normal or near normal it is 
unlikely that helium will be of value as a vehicle for oxygen, although it 
might be argued that if some bronchospasm is present the use of helium 
might be desirable Our experience wnth helium m these cases w^as limited 
to a few tnals of an experimental nature in which 75 per cent helium with 
25 per cent oxygen was compared with 100 per cent oxygen It w^as not pos- 
sible at this time to make careful blood gas studies We were not able to delect 
any improvement m the skin blood color with the helium and oxygen mixture 
as opposed to the high oxygen atmosphere On the other hand, the pulse rates 
undei the latter atmosphere w^ere about 20 beats slower than w'hen tlie 
helium and oxygen mixture was used (about 140 against 160) The difierence 
in pulse rates suggests that oxygenation was better wdien 100 per cent oxygen 
w^as used than when the helium was employed 

ANOXIA FROM INADEQUATE TRANSPORT OF OXYGEN BY THE BLOOD 

Carbon Monoxide Poisoning — While many of the dead patients showed 
signs of carbon monoxide poisoning only twm, questionably three, of our 39 
living patients show'ed fairly definite signs of it In these, attempts were made 
to eliminate the carbon monoxide by the administration of a continuous 
stream of oxygen containing five to seven per cent carbon dioxide No 
rebreathing was permitted here It is as desirable to give whole blood as 
soon as possible to these patients as it is to patients who may be anemic 
following hemorrhage or anemic from encounters vith hemolytic gases in the 
smoke breathed - 

Shock — When the patients arrived v e supposed, incorrectly, that man} 
cases of shock vould develop To combat shock, the intravenous injection 
of fluid was started on each patient within 15 minutes of the time of his 
arrival, m order to expedite the use of plasma as soon as it could be made 
ready Both physiologic saline and five per cent glucose solutions vere 

30 



IMMEDIATE THERAPY AFTER DLRNS 

used The volume of these fluids administered was sliarpl) restneted F rom 
200 to jOQ cc. were admimstcrcd before plasma wtis started or until the 
decision was made that mtraienous fluids w-ere not necessary Twenlj nine 
patients recei\ed an average of 4JI units (2^0 cc. unit) of plasma apiece m 
the first 24 hours Tlie vanation was from one to nine units per indii idual 
m the first 24 hours In the first seven days 147 units of plasma v/erc ad 
ministered m the first seven days 16 whole blood transfusions ww 

administered for patients vnlh reduced oxygen capaaty of their blood 

As already pointed out none of our patients developed frank shock In 
the two instances m our cases where the blood pressure vvas low even for a 
brief penod the head-down position was used but as soon as the systolic 
artenal pressure liad nsen to 80 nmi Hg we began graduallv to reverse the 
position from head-down to head up Damage to the lungs must be assumed 
m patients such as these from the Cocoanut Grove even though it is not 
apparent The head up position reduces the pulmonary venous pressure and 
minimires the tenilenq to edema formation in the lungs 

OBStmvAnov or pvtients following immediate TninuPi 
Factors of importance in the medical admimstmtion and organitaUoa of 
the treatment of large numbers of wounded indivnduals have been dealt with 
by Dr Faxon m hts accompanying article, and elsewhere by Faxon and 
Churchill * An indispensable part of the therapy of patients with bums of 
the airway is contmuou? and prolonged vvatchfulness of the respiratory and 
arculatory systems as well as of the patient s comfort In the Cocoanut Grove 
disaster this was handled by the following personnel for dealing with our 39 
patients 

Two physicians made rapid and continuous chest rounds on all patients 
following the initial treatment It was their responsibility to watch the 
pulmonary ventilation w^th particular attention to the development of pul 
raonary edema and to inadequate oxygenation of the blood from any cause. 
They called attenUon to detenoratmg cases Tlity requested any new therapy 
needed as intubation oxygen therapy etc 

Two men (medical studentsy made contmuous rounds determined blood 
pressures pulse rates and recorded these data. 

One physician made medication rounds constantly lookuig for patients 
who ocolcd further drug thcrap) diagnostd the need and admututered the 
appropriate agent Constant watchfulness for ovcrmcdicahon is essential 

DELATED REACTIONfl 

Delayed reactions arc to be antiapated Constant alertness must be mam 
tained for the signs of (a) orermedicatioo particularly m cases where mor- 
phme may have been administered aubcutaneouily with delayed absorption 
as m patients with poor penpheial arctilatioa as a result of chfllmg or shock 
b) shoc^a. a r^t of plasma loss from burned surfaces or other cause 
fc) oropharyngeal tracheal or pulmonary edema and (d) central nervous 
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system damage ^Mtll delayed onset of cerebral edema with increased intra- 
cranial pressure 

Observations of the condition of the blood is of great help in guiding the 
care of these patients and m providing accurate quantitative data concerning 
the trend of delayed reactions. For example, the increased time required 
for a blanched area (made by the light pressure of a finger on the skin of the 
forehead) to fill m, often provides, in demonstrating the slowing of the peri- 
pheral circulation, a sharp warning of decline in the patient’s circulatory 
condition, and of the possible approach of shock The color of the blood must 
be maintained as near normal as possible If assistants and equipment are 
available, hematocrit readings are obtained, for they are of great value as 
a guide to the need for whole blood or plasma These were available by 
four and one-half hours (3AM) following the accident The determination 
of the plasma protein level refractometrically is a brief, simple procedure 
of value In the days following the disaster more elaborate studies were 
possible Helpful here were determinations (in arterial blood) of oxygen 
content and capacity. In one or two cases low oxygen values showed an 
urgent need for red cells This might have been surmised some hours earlier 
had adequate attention been given to the low hematocrit values Carbon 
dioxide content, plasma pn, and plasma electolyte values were helpful although 
not as important as the previously mentioned determinations 

NEED FOR FUTURE WORK 

The Cocoanut Grove disaster called attention to the lack of infoimation 
concerning the pulmonary lesions produced by fires and at the same time 
emphasized the need for study of this problem For many years it has been 
known that pulmonary burns produced delayed effects in that, initially, vic- 
tims appear to be in good condition and then, rather suddenly develop respira- 
tory impairment, obstruction, possibly bronchospasm and edema, and die 
This was strikingly illustrated m the Crile Clinic disaster at Cleveland several 
years ago, and again recently here Important gaps in therapeutic knowledge 
are concerned with (a) how best to overcome deficient gaseous exchange in 
the lungs arising from bronchospasm or caused by edema and by tissue 
sloughs, and (b) how to prevent these conditions With the increase in flash- 
bums as a result of mechanized warfare, or for that matter mechanized 
civilization, therapy of the pulmonary lesions involved urgently needs study 

SUStMARY AND CONCLUSIONS 

The patients who survived the Cocoanut Grove disaster long enough to 
receive therapy were in many cases hyperactive, even manic Proper therapy 
depended upon correctly diagnosing the cause of tins hyperactivity in a 
given case Three major causes were Pain, fear and hysteria, and cerebral 
anoxia 

Morphine is a useful therapeutic agent only for those in the first of these 
three groups In the other two groups it is not only ineffective but is 
contraindicated in large doses Although large doses of morphine are often 
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emplojed m treating patients from a conflagration it seom probable tliat 
morphine ma) often ha\e been used in an attempt to treat condiUons nlnch 
iv-ill not respond faNorab\> to morplune irTcspccU\c of ho\% large the dose. 

In patients n bo ha\e b^ n-atcr soaked and chilled who are frightened or 
who are approaclnng shock or whose pcnjilieral arculntion is otherwise greatl} 
reduced it is unwise to administer roorphinc (or otlicr agents) subaitaneouslj 
or mtramuscularl} for absorption mil be cither absent or grcatl) retarded 
Lack of effect maj lead to repeated administration of the agent m an effort 
to obtain an effect Later wdien the airulation has imprmed the total of 
the subcutaneous injection ina> enter the circulation at one time with serious 
eien fatal consequences Morphme sliould be administered mtra\enousl> to 
such patients If because of the great number of patients to be cared for 
one cannot take time for intraicnous administration of morphine, the agent 
should be injected into an unbumed cxtrcmit> and the injection site marked 
with mk or a d}e so that if too great absorption of the agent is apparent 
later on the inflow can be ciicckcd bj means of a tourniquet. 

For fear and hjstena, intra\enousl> administered barbiturates arc useful 
For ano-eia, ansing chicfl} from carbon monoTide poisoning the treatment is 
seven per cent carbon doxide in 93 per cent oxygen m continuous stream 
(without rebreathing) and with the adnimistration of whole blood 

Various coagen therap) technics (intratracheal intubation tracheotonn 
helium posiUie pressure) are considered and reasons offered for discarding 
or employing them in treating the anoxia The oxygenation problem is 
greatly complKated b) seitre brondiospasm and pulmonary edema Con 
sideratioa of these factors lends to a discussion of needs for future work 
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THE PULMONARY COMPLICATIONS A CLINICAL DESCRIPTION 
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MASSACHUSETTS GENERAL HOSPITAL, BOSTON 

Many burned patients have pulmonary lesions due to thermal or chemical 
bums of the lung, and an important part of burn management consists in 
the recognition and proper treatment of these pulmonary burns This was 
particularly well emphasized in the Cocoanut Grove cases treated at this 
hospital, since all seven of the deaths were due to pulmonary complications 
In fact, only three of the 39 patients were wholly free from respiratory symp- 
toms, and they had covered their mouths with wet clodis or some article 
of clothing A wet handkerchief appeared to have afforded adequate pro- 
tection in one individual There was little correlation between the severity 
of surface burns and the extent of pulmonary damage, and it was, therefore, 
necessary to watch for pulmonary signs even in those who were only 
slightly burned 

The first clue to the high incidence of pulmonary burns was afforded 
by the number who died within the first few minutes after reaching the 
hospital They were very cyanotic, comatose or restless, and had severe 
upper respiratory damage The surviving patients on arrival showed varying 
degrees of restlessness or excitement but soon became quiet following 
medication and removal to the ward None was very cyanotic at this time, 
some were cherry-red m color, suggesting carbon monoxide inhalation 
Most of them were burned about the mouth and nose, with singed nasal 
hair and reddening of the nasal mucous membranes In general, the 
patients during the first three hours were breathing quietly and super- 
ficially, and coughing weakly Chest examination at first showed distant 
breath sounds and this was associated with scattered basal rales m many 
cases Several of the more severely burned victims were delirious, and 
two of these were quieted promptly by oxygen inhalation, suggesting that 
the delirium was due to anoxia aggravated by carbon monoxide poisoning 
and slowing of the respirations from morphine Several patients, notably 
Case 25, soon became dyspneic, and progressed to a critical condition 
within a few hours 

About three hours after the fire, dyspnea suddenly appeared in others 
associated uith cyanosis, restlessness, and increased rales Since there 
\\as a rapid accumulation of edema in the external burns at this time, it 
IS probable that burned pulmonary areas were undergoing similar changes 
Thus, Case 25, who had shown early dyspnea but had remained quiet during 
the first three hours, became so short of breath that he insisted on getting 
on his hands and knees to facilitate breathing An o.\ygen tent promptly 
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relieved q-ano5is but had no effect on the d>spnen. Complications lu this ^ 
stage were (i) aewte dvlatatvon of the stomach to tu-o of the most sctercl} 
d)5pneic patients (2) a vn!dl> delinoui state, apparently due to anoxia 
(3) auricular fibnllation in Case a ocntuall} relieved bj oxygen admmis 
trabon This penod of dyspnea subsided within a few hours 

A more cntical period occurred about 34 hours after the fire and con 
tinued for the next 36, Djspnea and q-anosis became much aggravated m 
certain patients and rales again spread This fulminating stale u'as obnonsl) 
due to edema from bums of tlie upper air passages trachea and bronchial 
tree Larj-ngeal examination had demonstrated reddening erlenia, and burned 
areas extending bqond the vocal cords Hecause of tlie cntical nature of 
sv-mptonis at this time radical therap> appeared indicated and intubations 
and tracheotomies were done m several instances Only two of the five 
treated b> tracheotomy sumved In all, seven patients died Necropsies on 
three indicated tliat the lesions had been too undesprtad to be relieved b\ 
these procedures even though additional oxygen was fed by catheter through 
the tracheal cannula It i» dear tliat an accurate estimate of the extent of 
a pulmonary bum cannot be made soon after occurrence but it vitiuld appear 
that tracheotomy or tracheal mtubaiioo is indicated since u affords a chance 
of reduemg the labor of respiration in a weakened patient by faalitaiing the 
lassagc of oxygen to the olveoh 

Whether phosgene or nitrous fumes were present m the smoke as 
might be fuspeaed from tiie delayed edema apparently must remam a 
matter for speculation Several of the patients exhibibng symptoms (Cases 
5 C and 19) ViCTc exposed onlv to fumes and heat, and those for but a short 
penod and did not come in contact with flame at aJL Case 13 on the other 
hand, had severe face and nasal bums with denudabon of her loiver turbinate 


bones but developed only slight lung complicabons Professor Alan Montz 
found carbon monoxide in a high proporbon of those dead on amval at 
the hospital, but no racthenioglobin or porphyTin in the blood of the one 
pabent tested He is of the opinion that oxides of nitrogen v\ ere in the 
smoke, and it Is noteworthy that the pattern of pulmonary reaction m the 
Cocoanut Grove survivor* was not unlike that of the Cleveland Clinic fire 


FoUomng subsidence of the epidemic like attack of pulmonarv edema, 
the final subacute stage of pulmonan manifeslabons set in of which the 
pathologic basis was diffuse bronchiolitis This resulted m (i) obstruction 
of the air passages particularly m the bases suJfiaent to produce localized 
lobular collapse and (2) trapping of air at the apices with acute emphysema. 
Both gave cbaractenstic physical signs the percussion note was highly 
resonant over emphysematous areas and normal or thghUy dull over the 
small areas of collapse while the most striking finding was the surprisingly 
diminished breath sounds over the entire diest most evident m the low^v 
portion* Bronchial breathing was not heard except m Case 6 and at 
one bme in Ca'^ 27 Rales remarkablv few m number were fine and crackline 
in the first few dava and later coarse in character 
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The absence of bronchial breathing suggested that the bronchi were 
plugged with secretion which prevented bronchial breath sounds from being 
transmitted to the periphery This interpretation was borne out in many 
of the patients when the usual physical signs of pulmonary collapse dis- 
appeared after the coughing up of mucus and when similar signs appeared 
elsewhere Thus, Case 20 had typical signs of collapse of the left lower 
lobe on the second day which disappeared on the next day after she coughed 
up a plug of pinkish-black material the shape of a medium-sized bronchus 
On the fourth day, massive collapse of the other side was found to be present 
The next day both lungs had cleared considerably, followed by appearance 
m the sputum of numerous brown plugs of mucus A similar sequence 
occurred in Case 27 (who died on the third day) Postmorten examination 
confirmed these observations The sputum raised by all who had lung 
involvement was of the same character, consisting at first of a heavy, 
tenacious mucus, later of a lighter, more frothy material. All of it was 
heavily stained with black particles resembling soot 

The areas of acute emphysema showed the same migratory tendency as 
those of atelectasis and lobular collapse Here, too, auscultation showed that 
the breath sounds were almost absent and rales were rare but the emphy- 
sematous areas, which predominated in the upper lobes, were distinguished 
by their extreme resonance to percussion Emphysema was also seen roent- 
genologically and at necropsy The areas of collapse and of emphysema 
appeared to have a common origin in obstruction of the bronchioles — 
complete obstruction causing collapse, and partial obstruction producing 
emphysema 

Although breath sounds could barely be heard, the patients appeared 
to be breathing easily and with normal depth As one might expect in 
this type of lesion the vital capacity of the lungs of most of the survivors 
(previously healthy adults) was markedly reduced, frequently to levels 
of only 800 to 1300 cc The vital capacities in 19 patients averaged 73 
per cent of the theoretical normal on the seventh day after the fire, with 
extremes of 25 and 120 per cent Those which were diminished returned 
to normal only slowly This diminished vital capacity is probably not unlike 
that found in cardiac decompensation The lack of lung elasticity due to 
burns and edema probably accounted for it as much as the lung collapse 
and emphysematous areas It doubtless was a factor in the anoxia experi- 
enced by these patients The vital capacity test represents our best quanti- 
tative index of the seventy of lung burns, even though it obviously cannot 
be used in the first few days after an accident 

Three patients, not previously afflicted with the disease, developed typical 
asthma This was clearly present on the second day and persisted for 
over a week, then it disappeared, for the remainder of the hospital stay 
They were relieved by steam inhalations and by adrenalin or by amino- 
ph}lline sc\eral times, though the response was not invariable This type 
of reaction can be described best by the reports of Cases 5 and 19. Other 
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patienti mtb less obvious symptoms but wth asthma hkt breathing also 
obtained relief from the use of ammophyllme The response to these drugs 
indicated that the asthma vi-aa due m part to a muscular constnction of 
the bronchi xvhich could be relastd for it appears quite unlikely that the 
drugs would matcnall} reduce the mucosal edema of the bronchioles It 
19 very mtcresting that intense asthmatic breathing could be precipitated b> 
the bronchiolar lesions due to inhalation bums 

The lung complications encountered tnai'*be classified into four degrees 
of seventy 

Grade i (9 patients.) Thu. group showed mimmal abnormal phjsical 
signs manifested bj rales There was no significant diminution of vital 
capacity where it was estimated 

Grade 2 (8 patients ) The second group showed rales and einph\seroa 
there was marked diminution m br«ith sounds together wnth roentgenologic 
evidence of trapping of air There was slight dimmittion of vital capacity 
m all (This grade is illuitrated b\ Case j(x) 

Grade 3 (7 patients) The tliird degree of seventy added persistent 
atelectasis, attributed to edema sufficicntl) marked to obstruct the passage 
of air into certain areas of the lungs during either phase of respiration 
Vital capaatic* were reduced m vTirying degrees between the hmiU of 
25 and 83 per cent of the theoretic normal Cases 5 6 and 19 who sbow'ed 
special features of interest are described as examples. 

Grade 4 (12 patients ) This group included the patients with the most 
severe degree of in)urv Seven died (Case 27 vs discussed) Five survived 
(Case 20 11 described) 

CASE REPOBTS 

Cate Thu c»*c illartratc* Group a of lunf coinpUalioTU— rika ind emphytenoL 
Tbc pttfaU retained con»CK«ir»e*i tbrou(boaL On tdmwiion, he waa cyanotic and 
there were btmu of the mouth and iKwe. For 4B hourj he wai dyipotK. There rrerc 
majtcdfy dfttdnUbed breath »oundi over the right lower lobe and rile* at both lung 
buei He could phooate only In whuper*. The roentgenogram tho'ATd a rmaU area 
of atelectasu 00 the fourth day and later alto CTideoce of Kane trapped air After la day*. 
hU ebett waj clear except for occailonal rika hot be wa» rtJll nUrng a half ounce of 
ipcfttm- Hii rftil capacity which was 58 per cent of trormal iix days after tbc Sre, had 
rf*en to 79 per cent three days later On diacharge after seven weeks m the hosphaJ 
there was no eWdeocc by physical examfnatwo or roentgenogram of residual damage 
to the lungs. 


Ca*e 5 - — Thia caK iUostrates Group 3 of the degrees of long- compllcatlous— riles, 
emphysema, and penUtent atelectasis pins asthma. This man, whose mother has 
asthma, had never had any prerkros roanlfcatatlon of allergy beyond aJJght exertional 
dyspnea with chest colds be had a heavy cold at the time of the fire. 


He was admitted nnconscioas uid cyanotic, with bums of the lips roooth, 
nires, tongue, and trachea. There were riles m both chests. Twenty-seren botin after 
admliswn, his breathing became modi more difficult, and was relieved Mlovine fcrtca 
ThU ™ mtormci u bronchml rwum lopcimpo^d mm 
bfoochM otam. The uthnaw hreilhiiir pCTiuted for foor <byi uxj rile, with 

u)d Etefcctaril m, Th,! ai[«c)tT toK front 54 per cent of nonn,! 00 the iboh^d.? 
to 60 per cart three days later ^ 
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This patient was seen one month after the fire, at which time there was comp 
freedom from sjmiptoms together with a normal roentgenogram 

Case 6 A female, age i6, w'ell except for previous sinusitis In the fire she 
consciousness, and awakened in the hospital, nauseated and vomiting On entrance, 
rales were heard in the lungs, though the nares, mouth, and phai^mx showed evide 
of the effect of the heat She was not otherwise much burned, but was in mild she 
the systolic pressure falling from 120 to 80 mm Hg , Avhich was improved by a plas 
transfusion Within three hours, she developed hoarseness, with moist rales through 
both chests, signs of consolidation in left lower lobe, and showed marked cyanosis 
an elevation of respirations to 40 per minute She was much improved in color ; 
breathing by oxygen, by Boothby mask, after aminophylline had failed to relieve 1 
However, she became more restless, raised tenacious mucus, and 12 hours after 
fire she was put in an oxygen tent because of her poor responsiveness, cyanosis, ; 
increasing respiratory difficulty She had to breathe oxygen-rich mixtures nearly c 
tinuously until the evening of tlie fifth day 

Prior to the third daj^, physical signs indicated transient blocking of the la 
bronchi, but thereafter there remained a constant block of the lower portion of the 
lower lobe where constant dullness to percussion and bronchial breath sounds w 
heard (unique in this senes) The rest of the chest examination showed constant ; 
marked diminution of breath sounds with variable and migrant areas of rales, dullm 
and hyperresonance though collapse of the right lower and emphysema of right up 
lobe were usually found She could exert no force on expiration or cough and co 
not dislodge the mucus plugs in her bronchi 

She gradually improved until the eleventh day, when it appeared safe to tip h 
and chest to drain the lung This had a remarkably good and rapid effect, and thoi 
she raised no sputum the lung collapse in both lower lobes disappeared, aeration the 
after Avas much improved and the diaphragms descended well for the first time I 
vital capacity rose immediately from 08 liters (25 per cent theoretic normal) to 
liters (37 per cent of normal), and by the end of the third week this had retur 
to 3 0 liters, or 90 per cent of normal Her convalescence Avas uneventful 

Case 19 — A male, age 42, Avith no previous history of asthma or chronic cou 
Avas largely a problem of inhalation bums, AVith minor burns particularly evident 
the nose and mouth On entrance, he had rales in both lung bases folloAved, six ho 
after the fire, by signs of blocking of his right loAver lobe Six hours later he 1 
asthmatic breathing and moist rales and expiratory stridor, mostly in right upper Ic 
After 29 hours, he became very ill, AAUth intense dyspnea, evidence of obstructed broncl 
of right loAver lobe, and universal rales, and later, signs of emphysema in right up 
lobe Tracheotomy A\'as considered but not done Asthmatic breathing from the beg 
ning AA'as relieved by aminophylline On the third day, he could not phonate audi 
and local examination disclosed diffuse sAvelling and redness throughout the na 
phat^mx, Avith chest signs of diffuse emphA'sema sufficient to depress the diaphragm ; 
obscure tlie heart The breathing A\'as typically asthmatic and the clinical picture c 
sistent AVith asthma of long standing The patient Avas very ill, required repca 
stays in an oxygen tent, and Avas frequently relieved by aminophylline and codeine 
Avcll as by adrenalin injections This continued A\ith gradual improvement, AVith mere 
ing amounts of mucoid sputum (containing i 8 Gm % protein) and lessening of asthmi 
breathing and physical chest signs The Autal capacitj Avas greatly reduced b> 
cxpiratorj push-test (see Schatzki) and after ten days Avas i 4 liters, only 34 per c 
of the theoretic fiormal and 74 per cent of normal b} the nineteenth day At the ( 
of a month the lungs still sounded far from normal There Avas no dullness to perc 
Sion, but breath sounds Averc Acr> distant and faint OAcr the whole back, most marl 
down the right lower lobe ManA' coarse bronchial rales were heard over the left lov 
lobe, particiiInrK after coughing Vital capacitj was 26 liters, or 6, per cent 
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thcorcOc nomuL Tlic paucnt f«It weak bat well ctjmpJalncd of no iithroa or ibortneu 
of breath, and ocilv of the pcniiteni coush and apotum. 

Caae — A female age 18, tcnoosly borrwtL On idmb»ic«i her color 

w« ilishtly cherry red, and »hc was wildly delirious. After an hour she devdoped 
rapiratory faflure she was given artificial reiptrarion followed by oxygen and carbon 
dkixlde an airway v.’ai inserted aiid site was then put Into an oxygen tent One hewr 
later her lungs were wet her systolic blood pressure varied from zero to she was 
nnresponiiTc, and six boars later she was still unresponsive. Her longs were full of 
Hlle^ Given ammophjlltne. she awakened and cooghed and repeated tracheal 
aspiration produced a 7 cm. bronchial cast streaked with black pigment Roentgetwgrami 
II hours after admliikm, ihoned partial collapse of tlic right upper lobe and probably 
of the middle lobe. There was also acute dilatation of the stomach and esophagus. Tlic 
next roentgenogram after a four liour InterA-al during which a Levine tube had been 
laed, showed that the dilatation of the stomach had decreased and the esophagus was 
no longer dilated. 

The next rooming Iicr breathing was labored, almost Cheyne-Stokes in character 
and a patch of bronchial breathmg was lieard at the base of the right lung An electro- 
cardiogTam showed sinus tachycardia, with a rale of 150 the tracing was otherwise 
witldn normal limits. 

She eontinoed to have a good airway for a day tJien developed gurgling noises In 
her trachea. Soclion wnth an Intratracheal tube evacuated a very thick mocus but It 
could not all be reromed. The patient became cyanotK and died 62 boon alter 
admission. An autopsy was performed. 

Caae »o— This case represents the most severe grade of long compllcitiors eo- 
cotmtered^ among the fu m vors. ThH patient, a femaJe, was one of those who were 
badly b oro ed, and her dressmgs made examination of the chest unsatisfactory She 
was cytootic tod had riles on admUtlon, bat did not begin to cough cntH aboot 24 
hours later During the next few hours she sounded like an asthmatic, until she 
cooghed op a plug of pinkish-black matenal, which suggested a bronchial cast On 
the third day foUowuig the fire the developed a imtiive collapse of the nght lower lobe. 
Laryngoscopy showed definite edoni of the cords and a trachcotoniy was performed. 
That evening she wss uDconsaoos and had a respiratory rate of j8 fai her oxygoi 
tent The hmg collapse dlminnhed In the course of aboot 24 hours, though localized 
areas of atelectasis remained for 20 days- Durnig the period of reexpansion she produced 
many b rowu mucoid plugs. 

She improved gradually The tracheotomy tube was removed after 29 days. 
Scattered wbeeres, clearing after deep breathing were beard for some days more. 
A roentgenogram in the eighth week after the fire, showed no eridcuce of any 
aboormalJty 

The sequence here was partial bronchial obstruction doe to a plug associated with 
climcal asthma. Subsequent complete plugging produced massive collapse. The patient 
rumved this acute phase and the bronchial edema subsided. As laryngoscopy showed 
only edema and do third-degree bum of the cords h U improbable that she had a 
deep bum of the bronchial mucosa. Seven weeks after the fire her lungs were apparently 
normal, as determined both by physical and roentgenologic examination. 

Therapy for Kvere lung cxitnpUcaUoos of bumj is difficult and m a 
sense inadequate but it is important that it be earned out vigorously and 
with a clear conception of the underlying pathology At first the problems 
are essentially those of getting sufficient oxygen to the lungs of reducing 
edema of the niucons membranes and of aioidmg pnlmonary infection 
Oxygen m high concentration is the obnous cnlergenct therapy Patients 
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leceiving morphine should be watched closely Although intubation and 
tracheotomy were not highly successful in our cases, we believe that they 
fulfill a definite function in relieving labored breathing and in facilitating 
the delivery of oxygen, and should be resorted to m patients with acute 
cyanosis and m those with severe upper respiratory lesions Intravenous 
saline solution is contraindicated since it will increase edema and exudate 
111 tlie bronchial tree, plasma transfusions will apparently not do this' if 
given in moderate amounts, and obviously they are the essential therapy 
after burns It should be remembered that loss of fluid from burned areas 
of skin and superficial edema can occur with little harm, while similar 
occurrences within die respiratory tract may be dangerous 

It IS, of course, most important to avoid infection None of the patients 
in this group developed pneumonia or pulmonary abscess, and this was in 
all probability due to their isolation on one floor and the precautions taken 
to avoid cross infections by the continuous use of masks and gowns, and 
by scrupulous cleanliness The early use of sulfadiazine was probably also 
an important factor 

In the later subacute phase, the main problem was to lessen the viscosity 
of the sputum and to liberate blocked bronchi A moist atmosphere, produced 
by means of steam kettles and by liberating steam from the room heating 
units, gave considerable comfort and improved breathing Ammophylline 
appeared helpful, not only in the asthmatics but also in the other dyspneic 
patients To loosen secretions, ammonium chloride appeared to be of some 
value Gravity drainage during convalescence had a dramatic effect ni 
liberating one collapsed lung (Case 6), and should be used when the patient 
IS well enough to endure it 


CONCLUSIONS 

Of the numerous lessons to be learned from these lung bums, the fol- 
lowing should be emphasized (i) That covering the mouth with a wet 
cloth may afford complete protection against pulmonary bums, (2) that 
m most patients the degree of inhalation burn was by no means ascer- 
tainable directly after the fire, and the extreme edema, which occurred 
later could not be predicted, (3) the resuscitation of patients m acute attacks 
of edema was difficult and unsatisfactory, and these acute attacks must 
lie watched for with great vigilance, even m patients with minimal sur- 
face bums 

The pulmonary complications were bizarre and characterized by extreme 
variability, with areas of lung collapse and emphysema, which were often 
quite transient and migratory As the injury to the bronchioli healed, these 
signs disappeared and the lungs sounded as though no permanent damage 
had occurred Roentgenologic examination confirmed this, but only tune 
will tell whether bronchial scars w’lll constrict and produce bronchiectasis 
in the future 
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ROENTGENOLOGIC REPORT OF THE PULMONARL LESIONS 
Richard Schattki M I> 

T** DCPArrKDTT or eaimoloct mi***' HUigrii acimAL ittamAi, wiiu* ma* 

In the first la hours the role of the Roentgenologic Department in 
regard to the Cocoanut Grove disaster seemed to be that of an observer 
This impression was caused pnmanl} bj the surprising absence of fractures 
among the surviiors of the fire. In fact onl) in two of these was there 
enou^ clinical suspicion to warrant any roentgenologic examination and in 
neither of these was a fracture found 

The first roentgenol(^c examination of tlie lungs ^v^5 made on the 
morning following the disaster that is 12 hours after the beginning of 
the fire and approximateh 10 to 11 hours after patients had reached the 
hospital B) this time it had become apparent tliat the majont) of the 
survivors were suffenng pnmariU from some pulmonarj complication the 
nature of which was not clear Test films wath a portable machine, were 
taken on a few selected patients A birarre appearance of the lung fields 
was noted m nxist cases while the lung* appeared normal m others Cbn 
ically unsuspected nurked dilatation of the stomach was found in several 
of these chest films The results of the trial examinations seemed important 
enough to justify continmng the studies on a more extensive basis 

Tllie roentgenologic inv-estgation began under sc\ere handicaps A great 
prop or t i on of the patients was seriously ill some were unconsaous and most 
were extensively bandaged All examinations had to be performed on the 
ward which had become an Isolation Ward Dunng the first 24 liours a 
portable roadune (10 m Amp) was used for the radiographic work. On 
the second day foUovnng the disaster November 30 a mobile condenser 
discharge unit (General Electric) with a capaaty of mfd was set up 
m one of the sun parlors on the ward and was left there for the duration 
of the isolation penod The patient* were wheeled m their beds to this 
room and radiograms at six feet distance were thus obtainable, except m 
the cases of a few very sick patients 

The unportance of the films taken at mspiration and expuation was soon 
realized and all exanimations therefore included both phases of respiration 
Lateral films were taken only m exceptional cases and were not very sue 
ccssful due to technical difficulties 

Thirty nine cases were admitted to the hospital ward Four of them 
were discharged before a roentgenologic examination was made (Cases 3 
21 24 and 31) The remaining 35 patients had one, and most of them 
repeated roentgenologic studies of the chest It showed evidence of pul 
monary pathology at some time in 22, whereas the examination of the other 
13 was negative at all times 

The roentgenologK appearances were bizarre and changed from patient 
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\ RA\ OF PULIIONARI LESIONS 

to patient Flame-IiV-e arras radiating asymmetncaUj from one or both lull 
bands and lines of increased densit} large homogeneous and small mdiary 
areas of mcreased densitj trerc found as well as areas of increased bright 
ness In general the pictures presented were quite ■puzihng Some of 
the lesions were otmouslj produced b> bronchial obstruction while the 
significance of others was doubtful Tlie further deselopment of the roent 
genologie changes as well as the anatomic findings in the few cases which 
came to autopsy clearly showed that interference wnth aeration due to com 
plcte or partial obstruction of the bronchi and particular!) of the smaller 
bronchi was the cause of most if not all visilile pulmonarj changes 



PATiErra wirn poiaiotAnT patholoot bt noESTOKNociRAir 
The findings in the autopsied cases mil be described first before anal) ring 
m greater detail the various roentgenologic changes 

Romtgmologic Findings in Tnv Autopsied Cases Dead on Arrwal 
Only two of the victnns of the disaster dead on arrival at the hospital 
bad roentgenologic cxammation of the chest Both cases showed extensive, 
diffuse, poorly defined haziness extending throughout the greater portion 
of both lung fields and havmg the chaiactenstic roentgenologic appearance 
of pidmonai) edema (Fig 8) Tlie presence of pulmonars edema was con 
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finned by autopsy m both cases The roentgenologic appearance, as A\ell 
as the findings at autopsy, was quite different from tliat seen in patients 
who sundved the first 12 hours, in none of the latter cases was extensive 
pulmonary edema seen. The blood in the two patients dead on arrival 
show'ed a high carbon monoxide saturation — 42 and 50 per cent, respectively. 
Whether this, or anothei cause, was responsible for the pulmonary edema 
remains a question, but it is verj’’ unlikely that the pulmonary edema in 
these two cases was similar in origin to the pulmonary changes found at a 
later date in the survivors. 


Roentgenologic Findings in Thiee Autopsied Cases ivhich Died 

m the Hospital 

On only three of the seven patients who died in the hospital were autop- 
sies performed All three had roentgenologic evidence of pulmonary 
pathology 

Case 7. — In addition to other burns, this patient had bums of the face and severe 
inhalation burns A film taken 36 hours after the disaster* showed emphysema of the 
left upper lung field, with questionable collapse within the left lower lobe Another 
film, taken six hours later, demonstrated more conclusively the atelectasis within the 
left lower lobe m addition to the emphysema There were also small plate-hke foci 
of atelectasis in the right lower lung field (Fig 9) The patient died the morning 
of the third day, 53 hours p d * A postmortem film showed pulmonary edema and 
evidence of trapped air in the left lung Autopsy — Tracheitis, bronchitis and bron- 
chiolitis Areas of atelectasis with hemorrhage, possibly representing early infarc- 
tion, the largest area in the left lower lobe, and some pulmonary' edema (See Dr 
T B Mallory^'s report for details) 

Comment. — patient with marked inhalation burns showed early evi- 
dence of emphysema and atelectasis, confirmed by autopsy The changes 
were adequately explained by severe bronchiolitis In addition, there w^as 
possible evidence of infarction of the collapsed areas, probably secondaty 
m nature The pulmonary edema w'as terminal, and in all probability not 
specifically connected wnth the underlying patholog}' 

Case 25 — Severe inhalation burns, gurgling and cyanotic Temperature 103®- 
104® F The first film of tlie chest, taken 12 hours pd, showed localized increased 
densitj 111 the left lower and middle lung fields, which at that time was thought to be 
pneumonitis or pulmonarj edema, but which w’as later explained as an area of atelec- 
tasis A film taken 29 hours later show'ed no appreciable change The patient died 
42 hours p d Postmortem film show’cd emphysema of the left upper lobe and peculiar 
well defined mottled areas throughout the right lung and less pronounced on the left 
side Autopsy showed extreme membranous tracheitis, bronchitis and bronchiolitis, 
anatomic emphjscma, focal areas of atelectasis, and some pnlmonar} edema (See 
Dr Mallorj’s report for details) 

* For convenience, and to avoid repetition, the alibrtv lation "pd” will Ih* used instead 
of the words "after the disaster” 
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CoMMENi — Areas of atelectasis and emph}seina were present on the 
first film taken 12 hours p d The peculiar mottling of the lung seen in this 
case and m one other fatal case (Case 33) (Fig ii) could be explained 
either by the demonstration of the exudate-filled small bronchioles or by 
multiple small areas of atelectasis 

Case 27 — Severe inhalation bums, in addition to other burns Chest full of rales 
Films taken 12 hours pd (Fig 10 A) showed extensive plate-like areas of atelectasis 
in the right upper lung field with elevation of the right hilus Below this region there 
was a peculiar flame-like area of increased density A definite circular 4-cm,-area of 
increased brightness was superimposed upon the right hilus The stomach was 
markedly dilated and air-filled, as was the esophagus Film taken five hours later 
showed the stomach and esophagus no longer dilated (the air had been aspirated) 
The fiame-like process in the right midlung field had increased in extent Films 
taken 29 hours pd showed disappearance of the atelectasis in the right upper lobe, 
and slight decrease of the process in the right middle lung field At this time, there 
w'as markedly increased density in the right lower lung field Films taken 35 hours 
pd showed no appreciable change on the right side, but there were definite areas 
of increased density close to the left hilus as well as in the left lower lung field There 
were some emphysematous changes on the left side (Fig 10 B) The patient died 
63 hours pd Autopsy showed severe tracheitis, bronchitis, and bronchiolitis, with 
patchy areas of atelectasis and emphysema in both lungs Areas of early pneumonia, 
probably not older than ^4 hours A few small areas of early or partial infarction 
(See Dr Mallory’s report for details) 

Comment — This case show's particularly w'ell the bizarre roentgenologic 
appearance of some of the atelectatic areas as w'ell as the rapid change in 
their amount and location Infarcts inay have been responsible for a few 
of the roentgenologic changes A perfectly round area of localized emphy- 
sema existed in the nght middle lung field It had the appearance of trapped 
air as sometimes seen in children’s pneumonia (pneumatocele) 

ANALYSIS OF THE ROENTGENOLOGIC FINDINGS 

As mentioned before, the roentgenologic findings in the victims of the 
disaster varied from patient to patient, and often in a given patient from 
day to day. The resulting pictures were peculiar, the published illustrations 
giving only an incomplete impression of the variety and combinations 
An analysis of the manifold appearances, how’ever, shows that the niajont} 
of the changes can be e.xplained by the presence of various degrees and 
amounts of (i) atelectasis and (2) emphysema, both apparently due to 
bronchial obstruction These two t}pes of lesions represent the vast ma- 
jority of the changes In addition, there are in a few cases other abnor- 
malities, the nature of which is less clear, which will be described here as 
(3) areas of miliary mottling, and (4) areas of dilTuse density without 
decrease in size of the invoked portions of the lung (“drowned” lung) The 
four types will be discussed in the following paragraphs. 

A teas of A idee la sis 

Sudden, ma'isne lobar oollap-e, comparable to postoperative collapse, 
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was seen in one patient only (Case 20) (Fig 17 B). It was ohiously 
produced by obstruction of a large bronchus. Gradual complete collapse 
of both lower lobes w^as seen in another patient (Case 6) (Figs 13, 14, 15 
and 16) More commonly, the obstruction was in smaller bronchi and 
resulted in collapse of the corresponding lobules, usually visible as triangles 
or bands of increased density (Figs 10 and 23 A) Often the small areas 
of atelectasis W'ere visible as fine lines only, representing disk-hke areas 
of atelectasis seen edge-on (Fleischner’s'^ lines) They ran horizontally, 
obhquel}'', and in the low'er lobes even vertically through the lung fields 
(Figs 21 and 22 B) In addition to the autops}’’ findings, there were 
sc\eral roentgenologic factors which pioved the atelectatic charactei of these 
lesions If the}' were extensive, the noniinolved parts of the lung on the 
same side showed compensatory emph}sema Tlie diaphiagm w'as com- 
monly elevated on the involved side Most chaiactenstic w'ere the changes 
111 position and size of the hilar shadow's, winch were displaced up or down 
towards the atelectatic lobes, and w’ere smaller on the involved side In 
many instances these liilai changes were the first clue tow aids finding small 
ai eas of atelectasis 

A lateral shift of the mediastimiin was rarely seen, apjiarently due to 
the frequent bilateral pulmonar}' involvement 

A connection between the roentgenologic findings and bronchial obstiuc- 
tion was demonstrated early by the use of a simple clinical test — the study 
of the expiratory “push” (forceful expiration with open mouth against the 
examiner’s palm) (Volhard^^) No stream of air could be felt in patients 
W'lth marked pulmonar}' changes, and in others the stream was diminished 
The expiratory “push” improved parallel witli the roentgenologic clearing 
of the lungs This parallelism was latei confirmed by more exact studies 
of the vital capacity 

The majority of the roentgcn-positivc cases had localized areas of atelec- 
tasis at one time or another Usually several of these w ei e present (Fig 21). 
at times only one or tw o While atelectasis w'as demonstrable in most of the 
severely damaged cases on the first day pd, this pathology was not seen m 
other cases until the second day p d , sometimes not before the third and 
fourth da} In one patidiit (Case 13), only localized emphysema was demon- 
stiablc for a period of ten days, when the fiist evidence of aleleclasts was 
jiresenl in the same region In some instances, the areas of atelectasis 
changed from day to day Usually, however, the same areas of atelectasis 
icmained visible until the process had cleared up In most cases the pul- 
monary patholog}’ disajipcared within the first tw'o or three weeks, m a 
few cases it was (Icmonstrable at a later date, uj) to four or five week'', 
and in one case, a small area of atelectasis still existed 17 weeks pd 

Chart I shows the time of appearance and disappearaiKC of the areas 
of patholog} and aFo indicates how tong after the disaster clieck-u{) niiu'' 
were takin 
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Jrcas of EinpliyiLiiia 

Sncral of the patietits showed lobuUr or lobar areas of emphysema ^ 
mg vanous stages of their pulmonary compheatron. They were s^ best 
on films m ertplratioii indicating the presence of trapped air Areas m 
atelectasis were usuallj present simulUneoiisl} while in two cases Iralued 
emphj-senia was the onh demonstrable pathology (Cases 15 and 39) Per 
sistent lobar emphjsema was the outstanding feature in one of the cases 
and will be described in detaif 



Fla I — C€f* >61 Klftb day pA. nata-likf lod f atdrrtaau hi both Iim< 
&(lda a pvtiadarty Uix* one lo ibe left lover lobe TbU palimt tboned do roeit 
XTDOlovk mdcDca ci pDlbolofy oo the 4rat two day* tk.d. TIib firtt awe ara aea o{ 
atalactada, vtth mM ai a phyaiaia. oce m Ted oo tbe third day Foar vedn pjL there 
vaa fairly exunatra xtelKtula to the left lower lobe. Ntsa weeka p.{L th« lonfa 
appeared ccnmletdy octrral. 

eZrairat Data hlala. re jd Boma of hasda, fare and esreea. leonrf acre dear 
on tW firat day pA. ronolni eeellnooaair oo tae aeeimd oay with bebblea at baae. 
Ghdeally the htavi deared up vltlihi the brat week. 


Case 19 — Marked mhaUtioa btimr with tome additional bum*. Riles m both 
bates, whh marked wheere and tracheal rhoodti noted a frw Ivmn pjL 

Fflm taken la honn pd. showed increased brbjhtnesi m the region of the nght 
lower k)bc with tome Imear areas of atelectasis in this lobe as weD as in the left lower 
lobe and in the bases of both opper hmg fields The nght hllus was small TTie 
stomach was dflated and coctabed a large amount of air Films taken 30 boon p.(L 
showed the pohnOTary changes more proooonced, FHnu taken 43 hoars p,d, (Ftg 19) 
rereaied the emphya-matous changes in the right long to have Iricreased, and at that 
tfcoe to hare ijmJ«d all of the lobes on the right stde with some plate bTce areas of 
atelectasis on tha side and larger areas of atelectasis on the left iHe. There was some 
mottled increased denstty In the left npper lobe. The trapped air on the nght side was 
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most clearly Msible on the film taken in expiration The right hilus was small and 
the right diaphragm was low in position Daily films were taken up to the clctcnth 
da> pA, and from that time on the examinations were spaced at longer intervals 
The areas of atelectasis disappeared gradually and had almost completely gone on 
the fifth day pd The trapping of air in the right lung, however, remained clearlj 
demonstrable, particular!} on the films taken m expiration (Fig 20) Eighteen weeks 
pd, the right diaphragm w'as still slightly lower than the left, and there was still 
definite evidence of air trapping on the right side The expiratory “push” in this 
patient had completely disappeared during the first week pd It reappeared graduall}, 
corresponding to the increase in vital capacity which initially had been much below' 
normal 

CoMMENi — The Ijronchial obstruction in this patient liad produced 
.itelectasis m some areas but had caused mainly ball valve obstruction, par- 
ticularly of the right lung w itli resulting obstructive emphysema and a clinical 
])icture of status asthmaticus Air trapping was still present wdien the patient 
was seen last (18 weeks pd ) 

Aicas of Miliary Mottling 

Peculiar mottling was seen in tw'O of the cases (Cases 25 and 33) (Fig. ii). 
The changes w'ere particularly marked in Case 33 They consisted of diffuse 
mottling throughout both lungs, a single lesion measuring from about 
two to SIX millimeters in diametei The lesions w'ere fairly w^ell circum- 
scribed but seemed to be confluent in places There was also some increase 
m the linear structures of the lung with several characteristic plate-hke foci 
of atelectasis The mottling in Case 25, much less marked than m the 
preceding case, was seen only on the postmortem film, and was present only 
on the right side Both patients died Autopsy w'as obtained in Case 25 
(Sec above) It did not definitely explain the mottling seen m the roent- 
genogram The process simulates somewhat the changes described in bron- 
chiolitis obliterans although in that disease the single lesions are more 
discreet and smaller The mottling in our cases is even more like the miliary 
lesions seen following inhalation of nitrous gases (Nicliols,® Renandcr^®) and 
of acid fumec (Doub’) From the combination of linear shadows and fine 
mottling in the most outspoken of our cases, it is at least jiossible that the 
appearance was produced by multiple fine areas of atelectasis, together with 
(he actual demonstration of jilugged small bronchi 

Aim', of ‘^Dro 7 v ned’’ Lung 

Earlv 111 the piocc'-s three of the smvivors (Cases 2, 20 and 32) showed, 
in addition to the more charactc>tic areas of atelectasis, an unusual ap- 
pearance of the lung field whicli was not ‘:cen in any of the other cases 
This proc-C'S was chniaLteriT'ed In an homogeneous gronndglass appearance 
(oveimg tlu lower half of the left lower lobe m Case 20 (h'lg 17 the 
right upfier and middle lung field m Case j (Fig 22 \). and the c'cntral 
^Kirtions of both lungs m Ca'e ^2 (Fig 23 H) The lesion was noted in 
Case 20 on tlu s(('onrl and third <la\ ]> d . and was no longer present on 

5S 




59 




RICHARD SCHATZKI 


the fourtli day It ^\as seen on the first da} p d m Case 2, and had dis- 
appeared on the second day p.d In Case 32 it did not appear berore the 
second day, decreased on the fourth day, was still somewhat visible on the 
sixth day, but had disappeared on the seventh day In contradistinction to 
large areas of atelectasis there was no evidence of decrease in the sire of 
the involved portions of lung In Cases 20 and 2 the lesion occurred too 
early and disappeared too rapidly for pneumonia ; whereas it is not possible 
to rule out pneumonia in Case 32 The appearance was similar to that 
occasionally seen in asymmetrical pulmonary edema m patients with nephritis 
or heart failure Considering the course of the lesions, however, the path- 
olog}^ can best be explained by the accumulation of fluid in the aheoli 
distal to points of bronchial obstruction The pathologist Loescheke' de- 
scribes partial displacement of air by fluid in atelectatic portions of the lung, 
and the “drowned” lung distal to areas of bronchial obstruction (toreign 
body, tumor) is a well known clinical occurrence -> ® Fluid was actually 
found in the alveoli of some of the atelectatic areas in our autopsied cases 
(See Dr Mallory’s report ) The fact that atelectasis occurred later in the 
originally “drowned” area in Case 20 further supports the validity of the 
suggested meclianism 

Puhuoiiaty Edema 

Pulmonary edema was extensive only in the two victims vho vere dead 
on arrival As discussed before the origin of this pulmonary edema is not 
kno^vn It may have been caused by carbon monoxide poisoning In any 
case, it seems unlikely that it was caused by the same mechanism which 
produced the pulmonary changes found in the two sunuvors One of the 
patients (Case 7) who died two days pd developed pulmonary' edema 
shortly before death, but this terminal pulmonar)' edema was probably not 
related to the characteristic pulmonary damage produced by the catastrophe 
Aside from this case, pulmonary edema ^\as not seen in any of the sur- 
vivors, although the question of atypical asymmetrical pulmonary' edema 
arose in three patients (See paragraph on “Drowned” lung ) 

Ivjo! cts 

Infarcts were not diagnosed roentgenologically in the first few days 
follow'ing the catastrophe Two of the autopsied cases (Cases 7 .uid 27) 
showed areas in which the alveoli were slightly’ decreased in si/c and con- 
tained blood but no air The cell walls were presen cd Tlicse lesions 
were thought to be areas of early infarction, possibly' superimposed on areas 
of atelectasis f See Dr Mallory's report) It is possible that cbang<s 
which roenlgcnoloically were interpreted as platc-hke areas of atelectasis 
in some of the sunuors actually represented small infarcts Tt is unbkeh. 
howexer, that many infarcts were mismtcrfircted in fins manner, inasmuch 
as the roentgenologic cxidcnce of the lesion tommonly changed back-and- 
forth from day to flay, which woulfl not occur in infarcfs hurthcrniore, 
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the fourth day It was seen on the first day p d. in Case 2, and had dis- 
appeared on the second day p d In Case 32 it did not appear beiore the 
second day, decreased on the fourth day, was still somewhat visible on the 
sixth day, but had disappeared on the seventh day In contradistinction to 
large areas of atelectasis there was no evidence of decrease in the size of 
the involved portions of lung In Cases 20 and 2 the lesion occurred too 
early and disappeared too rapidly for pneumonia , whereas it is not possible 
to rule out pneumonia in Case 32 The appearance was similar to tliat 
occasionally seen in asjmimetrical pulmonary edema m pabents with nephnbs 
or heart failure Considering the course of the lesions, however, the patli- 
olog}’^ can best be explained by the accumulation of fluid m the alveoli 
distal to points of bronchial obstruction The pathologist Loeschcke" de- 
scribes partial displacement of air by fluid in atelectatic portions of the lung, 
and the “drowned” lung distal to areas of bronchial obstruction (foreign 
body, tumor) is a well known clinical occurrence ® Fluid was actually 
found in the alveoli of some of the atelectatic areas in our autopsied cases 
(See Dr Mallory's report ) The fact that atelectasis occurred later in the 
originally “dro\vned” area in Case 20 further supports the validity of the^ 
suggested mechanism 

Pulmonary Edema 

Pulmonary edema was extensive only in the two victims who were dead 
on arrival As discussed before the origin of this pulmonary edema is not 
known It may have been caused by carbon monoxide poisoning In any 
case, it seems unlikely that it was caused by the same mechanism which 
produced the pulmonary'’ changes found in the two survivors One of the 
patients (Case 7) who died two day'^s pd developed pulmonary edema 
shortly before death, but this terminal pulmonary'’ edema was probably not 
related to the characterisbc pulmonary damage produced by the catastrophe 
Aside from this case, pulmonary edema was not seen in any of the sur- 
vivors, although the question of atypical asymmetrical pulmonary edema 
arose m three patients ( See paragraph on “Drowned” lung ) 

Infarcts 

Infarcts were not diagnosed roentgenohgically in the first few day's 
following the catastrophe Two of the autopsied cases (Cases 7 and 27) 
showed areas m which the alveoli were slightly decreased in size and con- 
tained blood but no air The cell walls were preserved These lesions 
were thought to be areas of early infarction, possibly superimposed on areas 
of atelectasis C See Dr Mallory^’s report ) It is possible that changes 
which roentgenoloicalty were interpreted as plate-like areas of atelectasis 
in some of the sun'ivors actually represented small infarcts It is unlikely, 
however, that many infarcts were misinterpreted in this manner, inasmuch 
as the roentgenologic evidence of the lesion commonly changed back-and- 
forth from day to day, which would not occur in infarcts Furthermore, 
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all the lesions disappeared without leaving any trace of a scar with the 
exception of one patient (Case 13) Areas of incomplete infarction may 
clear up without visible scar,'* but it is not probable that so few scars would 
result if an appreciable number of infarcts had been present among the sur- 
vivors Infarcts did occur, and were seen roentgenologically in some of 
the severely burned cases several weeks following the disaster, obviously 
connected with thrombophlebitis 



Ftc 24 — Case 32 (Continued) Normal lunfr m the 7th week pd 
Clinical Data Female, age ^5 Burns of lips, nose and tongue, moderate 
of forehead and bands Unconscious, severe cerebral eomplications (See Hr Cobb's 
report tor further details) 

Acute Dilatation of the Stomach 

Marked dilatation of the stomach was seen on the chest films in five 
cases (Cases 2, 19, 27, 33 and 34) In Case 27, the esophagus was also 
markedly dilated and air-filled (Fig 10 A) Three of these patients died 
It is possible that the dilatation was a sign of general shock although the 
exact relationship remains obscure 

Follozv-itp of the Pulmonary Lesions 

Most of the patients were examined repeatedly, regardless of whether 
or not the kings appeared normal roentgenologically These follow-iip exain- 
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luauons ^\■crc contiiiuea unlil finall) the rociHgciiograpluc api)eanincc uC Uic 
lungs was normal in nil but two cases One jmticnt hhowc<l c\Tdencc ol 
persistent air trapping at tlic end o{ i8 weeks (Case 19) wink another still 
had a bncar area of atelectasis in the iTtli week (Case 13) 

PATIENTS SHOWINO NO ROENTflENOLOOIC PDLMONAH^ CHANGES 

Thirteen patients admitted to tlic ward sliowed no roentbcnologK pul 
monar) changes One of tliem (Case 12) died 27 hours pd wnth clinical 
sigris of respiratory embarrassment Tliese signs desclopeil howeter some 
hours after the negatiic film had been ol>tainc<l 

All but two of the sunnving rocntgcnologicalK negatne patients presented 
rales ow physical examination on one or seieral occasions as cndencc of 
some bronchial imoUement In spite of this the roentgenologic cxamina 
tion of the chest failed to show an> eiidcnce of pathologj It is likel> that 
the bronchial lesions m these cases were of a minor degree and had not led 
to interference wnth the aeration of the lungs 

Di^imsioN 

This report shows tliat the abnormal roentgenologic appearance of tlic 
long* m the sarvu-ors of the Cocoanut Groie disaster was caused pnmanl> 
by damage to the brcmclu and bronchioles The roentgenologic changes may 
be characterued os a classical example of difTusc damage to tliesc parts 
of the upper respiraiory tract Similar roentgenologic appearances may result 
from many other causes of wadespread bronchial injury and m the rccogm 
tion of this fact hes the importance of this experience m a broader sense 
In mfants wath broachioliUs and pcrfbroncluolitis the roentgenogramj show 
areas of atelectasis and emphysema hkc those described m this report 
Damage to bronchioles scattered tlirougliout the lungs from mnous gases 
or from inhalation of food or waiter may produce similar pathology and 
similar roentgenologic findings. During war time such trauma is likely to 
be a frequent occurrence and early recc^rution of the mechanism iniolved 
will be of value m the determination of the correct treatment 

BOsmAftr 

I Thirty five of tlie sumvors of the Cocoanut Grove disaster were cx 
ammed rocntgcnologically following their admittance to the hospital pul 
monary pathology was found at some time m 2a patients whereas the exam 
ination of the other 13 was native at all times 

3 The roentgenologic appearance of the lungs was bizarre and raned 
from patient to patient The majontv of the lesions however could be 
explained by areas of atelectasis and empliysema both apparently due to 
bronchial occlusion, particularly of the smaller branchi 

Atypical lesions (miliary nodules and areas of “drowned bmc) were seen 
m a few cases. 
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Diffuse pulmonary edema was found m two victims who were dead 
on arrival. 

Infarcts were not recognized roentgenologically in the first period follow- 
ing the fire, although some may have existed 

3 Acute dilatation of the stomach was found in five patients , and of the 
esophagus in one patient 

4 The follow-up of the pulmonary lesions is described The lesions of 
all the survivors finally disappeared except m two cases 

5 The experience gamed from this disaster is of value as it applies to 
the recognition of the roentgenologic appearance of lungs in cases with 
damage to the bronchi and bronchioles from other causes 
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Six PosTMORTEii EXAMI^ATlo^s wcfc pcrfonDcd either at the Northern 
Mortuar) of SufToIk Coiint\ or m Ihe Palholog) Laboratory at the Massa 
cliusctts General Hospital Althougli these represent a small percentage 
of the \nctini5 of the holocaust the findings parallel so closely in most re 
spects the results of some i6 oUicr autopsies performed elscuhere in the city 
tliat they n^y be considered fairl\ rcpre£emati\ c Matenal for histologic 
exammation from five other cases was also made arailable to us but pro- 
vided so little additional information tlmt its formal presentation seems un 
necessary The <ix cases examined by us personally fell into tuo groujis 
Tliree cases which were dead on arrival and three which died after varying 
but comparatively brief (40-62 hours) penods of treatment upon the wards 
It was apparent from inspection of the bodies which were delivered to the 
hospital and to the mortuary that only a small proportion of the victims had 
suffered extensive enough surface bums to account for death and that a 
search for contributory factors was in order The most obvnous of these 
was carbon monoxide poisoning which was ap^renl dimcally and was 
confirmed at autopsy by the finding of 42 per cent and 50 per cent saturation 
of tlic heraoglobm in samples obtained from the right heart m two cases 
dead on amval Although significant as a contributing factor this degree 
of monoxide saturation could not m itself be considered lethaL In one 
case a sample of gas collected by suction from the respiratory tract showed 
on chemical examination traces of oxides of nitrogen with a test sensitive 
to 50 parts per million Since a second sample was negative the results 
must be r^arded as equivocal Beyond this point postmortem studies were 
entirely in accord with early clinical impressions in emphasising the great 
importance of the involvement of Uie respiratory tract. The lm\k of this 
report will therclorCi be devoted to the findings m the upper respiratory 
tract and m the lungs 


CASE* DE-SD on ARnrVAL 

The three cases which were dead on amval presented lesions so similar 
that only one needs to be recorded An abbreviated protocol follows 

ProtocoL— The body u that of * welWerclopcd and wdl noorijhed joane woman, 
rtdmated to be iboct age as It ahowa aever* aec««l and third degree bami of the 
head, face, ne,^ both arma the cheat above the brcaata md the entire hack (o the 
krcl of the aacnim. iodudmg earatiallj all alon areaa which wo«ld be e^poaed by a 
conrcmkcttl eroung gown cm rcUtivdy low fn front and to the glutcaJ foW behmd. 
bcattered Ent and aecood degree btirna whb ortemlre vearcu/ation are preaent on the 
\ega partienUdy the medial .nriacea above and below tf>e kneea The entire face 
and the neck have an edematoua bloated appearance. 
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Witli the initial incisions it is apparent that the muscles and most of the iiiUmal 
oigans are a brilliant cherry-red in color This is not apparent in the hlond (hat 
escapes from severed vessels or in the chambeis of the heait whicli appears daik led 
A sample of this blood, however, submitted for chemical analysis showed 42 per cent 
saturation with carbon monoxide 

The trachea and larger bronchi contain considerable amounts of partialh diqcstcfl 
food similar in character to that which is present in the stomach The underling 
mucosa is diffusely reddened and shows numerous pm-point hemorrhages which are 
most frequent in the upper trachea and decrease as one descends the bronchial tree 
but scattered foci can still be found in bronchi 3 mm in diameter No exudate is 
present and no froth 

The lungs weigh 1230 Gm together They are bright pink, heavy, voluminous, and 
do not collapse (colored section Fig i) Crepitance is uniformly diminished bat nowhere 
entirely absent Fragments of the tissue float in water The pleura is smooth, glistening 
and transparent, the underlying parenchyma brilliant pink in color Several subpleural 
hemorrhages 5 to 10 mm in diameter are found over the lower lobes On section, 
all lobes present uniform, congested but very bright red surfaces On slight pressure 
considerable quantities of blood-stained fluid ooze from the freshly cut surfaces but 
this is not frothy The pulmonary arteries and veins are normal 

The heart, liver, kidneys, spleen and internal genitalia are normal except for clierr}’- 
red discoloration of all blood containing areas The gastro-intestinal tract is normal 
except for congestion and petechial hemorrhage throughout the duodenum The brain 
shows only an unusual pinkish tinge to the grey matter 

Microscopic Evannnafion The trachea and primary bronchi show essentially similar 
changes (Fig 25) All vessels internal to the cartilaginous ring are maximally dilated 
The areolar tissue of the mucosa is markedly edematous and at intervals of 2 to 3 mm 
shows focal hemorrhages 05 to 10 mm in diameter Almost no leukocytes are found 
outside of vascular lumina The basement membrane is normal and the majority of 
the epithelial cells have desquamated No ciliated or goblet cells persist but a single 
layer of small cells with scanty undifferentiated cytoplasm adheres to the basement mem- 
brane in many places No coagulation necrosis or eschar formation can be made out 
Several sections from various portions of the lungs present essentially similar 
pictures The gieat majority of the alveoli are of normal or slightly subnormal size 
and are filled with precipitated eosinophilic material, partly granular and partly homo- 
geneous In the latter instance it occasionally reaches almost the density of ihjTOid 
colloid (Fig 26) In some alveoli considerable numbers of red blood cells are present 
and these are almost invariably found in association with the homogeneous rather than 
the granular precipita'^e Scattered between these edematous alveoli arc bubbles of 
air ranging from two to tliree times the size of the alveoli These are mvanablj" 
localized in dilated atria and respiratorj" bronchioles and do not represent emphy- 
sematous ah'coli (Fig 2/) There is, tlius, very little intermingling of air and fluid 
The capillaries of the alveolar walls and all small blood vessels throughout the lungs 
are congested The interlobular septa are widened and edematous, and the hmphatics 
here and in the pcru'ascular tissues are frequently dilated and contain granular precipitate 
The small bronchi show desquamation of epithelium and no necrosis or inflammatory 
reaction Nowhere in the sections is there leukocytic infiltration Several bronchioles 
and a few aheoh contain aspirated vegetable cells 

Microscopic examination of sections of other organs show no significant variations 
from normal The liver cells present the granular, dispersed cytoplasm and prominent 
cell membranes charactensticallv seen in cases of sudden death in the glycogcii-storagc 
phase of mc'abohc activitj 

The major parenchjinal lesion in this case, as well as in (he others of 
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the group dead on arrival, was the diffuse pulmonary edema A slightly 
unusual feature was the absence of froth in the trachea and bronchi as well 
as in the fluid which oozed from the cut surfaces This appeared to be 
explained by the fairly sharp limitation of the edema to the alveoli themselves 
Such air as was present was found m atna and respiratory bronchioles There 
was, consequently, comparatively little actual admixture of air and fluid 
A high protein content of the edema fluid was evidenced by the homogeneous 
colloid-like precipitation in the alveolar lumina, and the presence of red blood 
cells confirmed the existence of significant capillary damage. 

These cases were too long postmortem (36 hours) to attribute safely sig- 
nificance to the desquamation of the tracheal and bronchial epithelium The 
absence of any eschar formation and the intact basement membrane, how- 
ever, make it doubtful, in these cases at least, that flames could have been 
inhaled far into the respiratory passages That some physically or chemically 
irntating agent was so inhaled is indicated by the vascular dilatation, the 
marked edema of the tracheal and bronchial mucosae and the presence of 
innumerable pm-point hemorrhages It seems probable that the pulmonary 
edema was of similar pathogenesis The aspiration of vomitus was not 
responsible since similar changes were found in other cases m whicli no 
evidence of such aspiration was present 

CASES TREATED IN THE HOSPITAL 

Three cases came to autopsy from the group which were admitted to 
the ward Case 25 died 40 hours. Case 7, 52 hours, and Case 27, 62 hours 
after admission They will be presented in that order 

Case 25 — The body is that of a powerfully built, large man, age 46 The hair 
has been extensively singed but the scalp is free from discoloration or vesiculation 
There are first, second and third degree burns covering the entire face and upper 
neck, the areas of third' degree burn being comparatively small and localized about the 
mouth, nose, chin and ears The mucous membrane of the bps is blistered The hairs 
of the nostril are singed, and greyish adherent exudate is visible in the nostrils and 
overlying the inferior turbinates The entire face is swollen and edematous, especially 
the periorbital tissues The conjunctivae are congested but the sclerae are intact 
First, second and third degree burns are likewise found on both hands, particularly on 
the dorsal surfaces, where they extend up to the cuff line 

Respiratory Tract The larynx when viewed from above appears completely 
occluded by edematous swelling of the mucous membranes, particularly those overlying 
the false cords and the aryepigloftidean folds Fibnnopurulent exudate overlies the 
former The surfaces are glazed and whitish in color but there is no ulceration or 
membrane formation (color section Fig 3) When the larynx is viewed from below 
(color section Fig 4), in contrast, a greenish-black membrane, to which black fragments 
of charred material are adherent extends from the inferior surface of the true cords down- 
ward, encircling the trachea for a distance of 2 5 cm The membrane can be stripped from 
the mucosa only with difficulty and leaves a raw, hemorrhagic surface The mucous mem- 
brane of the remainder of the trachea is intensely red with scattered petechial hemorrhages 
Foci of ulceration and membranous exudation arc absent for a distance of 4 cm below the 
zone described above, tlicn begin again as scattered foci 2 to 10 mm in diameter m 
the middle and lower thirds of the trachea, and become almost confluent again in the 
primarj bronchi 
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The long* irc extremdj \-olumlnoai *nd fiil to «JUp»« on retoovaJ of the itenram. 
They ire heiTy of dlffuiely hxmied coosittencr ind arc lubcrepitant throughout 
Along tho margin* of all lobe*, hovi-eTer i* a lone 2 cut m width which « lighter in 
color and more normal In comiftcncy than the central parti of the long (color lecticm 
Tig 2) Air u eridenlly trapped In thU peripheral xone nncc it filli to collapie ocn 
after removal from the thorax. Several emphyiematouj blebj arc evident at each apex 
The left long ii lectioned it once, the right one nved for Upwdol injection, rocnt 
genologlc eaammalksi, and fixatKm before lectkming On opening the bronchial tree 
all bronchi down to 3 mm. m diameter ihow inlcnacly red, hemorrhagic mucoaae overlaid 
by a grcenlih fibrinoo* membrane (color lectlon Fig 6) Thij ii b place* rather firmly 
adherent b other area* atnpi readily and m atUl other place* ha* »pontaneouily deiqua 
mated tato the lomen to form occlialve bronchial caati. The long parenchyma b the central 
two-tbrd* of each lobe I* deep red b color and moderate amount* of pmkah fluid 
can be exprewed by gentle preiiure. A aooc averaging 2 to 3 cm. at the periphery of 
the upper and middle lobe* and 1 5 cm. fa the loarr lobe ii paler and companith-ely 
well aerated. Section of the left hmg fixed by Inatillation of formalb Into the bronchial 
tree, ihowi irmOar hemorrhagic, membraoou* bronchitl* throughoot the major radicle* 
of the bronchial tree. In addition, ft *how» extensive anatomic emphysema of the upper 


antenor half of the upper lobe. Through thl* area the alveoli average a to 3 mm. in 
dfameter and rmmcroai bullae 5 to to mm. b diameter art proent. Ubor focal ipeg* 
of emphyaema 2 to 3 mm. In diameter a**ocated with dense anthracotic deposit* are 
scaUered throughout the remainder of the upper lobe and alK> are pr«*ent b the lower 
lobe. Slight atherocoatocB depoiiu are pre*e m m the major pulmonary arterlea. The 
remainder of the autopiy ilww* moderate cardiac hypertrophy withoot valvular leabn* 
•light cororary sdcrosl* withoct oarrowing of the lamina moderate atheroiderosu of 
the aorta a targe, deepl> corgeited but evidently fatty liver expngeated kidneys from 
which the cap»ale* strip with slight dllhcalty leavmp »llphiJy granular wrfacw a 
fatty paocreai and a right bgumal heruk. 

Mutvsco^e Esemin^iton Larynx TfQfheo and Fniwory Bronchi These show *lm- 
Ear p t et m e* varying however from one area to another b the intensity of the reaction. 
All *ectioei5 »how cxxnpletc desquamation of the epltbellmti except b pocket* about 
the moothi of the gland ducts The basement membrane b b most areas mtact In 
ooe section It and the uudcrlying 30 10 40 microns of tissue are necrolic. In another 
lectson, endently from near the larynx, epithelium and basement membrane are missing 
and have been replaced by a diphtheritic membrane coniliung of sheets of parallel 
fibrboca lamellae witli polymorphotmclear leukocyte* betwTcn the laroellie. In all 
lecGons the small vessels arc maximally engorged, and there b edema and pcJymor 
phonuclear mfiltraUon of the tubrmiccsa. In many sections there b likewise, evidence of 
a thrcoic taflammalory process shown roost clearly by fod of fairly dense lym p hocy ti c 
mfiltratioo b tbe itrocna of tbe orocous glands. 


Lorm- Brmchtal Trci The findtns, ,,17 coniidcnbl. In dWn-oit bronchi ind 
bronchiole, .pparoiU, b«)epciulcirtlj ot then- None arc nonml. ,mce viraUr 

cnEOreement Ind polrmorphooudcr taeitnilon .re inT«ubIe, In Mine bronchi the 
ciHthehiim la, p«rtlallT or completely demianuted utd aam of detached hot fahlj 
normal looidn* dlrated u«i toblet celU are found In tbe lutnua Intenmaed tnth marfn 
and polymorphonuclear leutocytei In other bronchi the ephbelhim u ,tai m sUh 
on the ba^ment membrane. In tbete caKa the cell, may itam normally but .W a 
toxl^to nation hy edema fhnd «kI lenkocyt« tafiltratlon. In other place, 
^ ephbelal are reeolMble by their dougated eonfisurahen or by thdr locabcn 
*" at^ophllle nd thetr nudd have parttdly or eoniletely kat ^ 

"‘I* «« fotmd aingly mtd 

in dnmp, m the brondilal Inmlna *hete they are combined with leukocyte, mudn 


69 



MALLORY AND BRICKLEY 


and fibrin to form occlusive bronchial plugs (Fig 28) In one bronchus the ineclianisni 
of detachment of the necrotic epithelial cells is clearly shown by the presence of 
vesicles filled with clear fluid and a few leukocytes between tlie necrotic cells and 
the basement membrane Only rarely is there evidence that the basement membrane 
Itself has been destroyed In these areas a typical diphtheritic membrane similar to 
that noted in the upper trachea is present In many bronchi evidence of a preexisting 
chronic inflammatory process is present in the form of lymphocytic infiltration of tlie 
mucosa and mucous glands 

Lungs The pulmonary parenchyma proper shows an alternation of partially collapsed 
air sacs which often contain precipitated edema fluid and overdistended air passages 
containing trapped bubbles of air The majority of the air-filled structures can be 
identified as respiratory bronchioles and atria rather than alveoli The presence, how- 
ever, of true anatomic emphysema, bordered by foci of fibrosis and either anthracosis or 
lymphocytic infiltration makes the distinction between anatomic and physiologic emphy- 
sema very difficult Both are certainly present but their relative proportions cannot be 
judged with accuracy 

The edema fluid in the alveoli is demonstrated m part by granular, in part by 
homogeneous precipitate It is assumed that the latter indicates a higher protein content 
There is minimal extravasation of erythrocytes An occasional lobule shows frank 
pneumonic exudate with many polymorphonuclears, some monocytes and but little 
fibrin In these areas colonies of micrococci are present and a few cocci can be identi 
fied in the cytoplasm of the polymorphonuclears 

Ltver Occasional cells are coarsely and nearly all cells finely vacuolated with fat 
The space between the liver cords and the sinusoidal endothelium is almost uniformly 
widened, a finding usually considered indicative of hepatic edema 

Pancreas Negative except for the presence of considerable amounts of adipose tissue 

Kidney The intima of the intermediate-sized and larger arteries is thickened wth 
considerable reduplication of tlie elastic lamellae Small foci of atrophic tubules and 
an occasional sclerosed glomerulus are seen A few tubules contain bluish-stammg 
hyaline casts 

On opening the head, very marked edema of the deep areolar tissues of the scalp 
IS noted The brain is normal except for congestion of the meningeal vessels and edema 
of the arachnoid 

In summary, a forty-six-year-old man, of powerful physique, showed evi- 
dence of long-standing chronic bronchitis, moderately severe pulmonary 
emphysema, slight pulmonary and moderate systemic arteriosclerosis, fat 
infiltration of the liver and pancreas, slight hypertrophy of the heart and 
mild nephrosclerosis Upon these chronic lesions were supei imposed severe 
but not extensive cutaneous burns of the head, neck and hands The out- 
standing lesions w^ere a necrotizing membranous inflammatory process m 
the upper respirator}^ tract wdiich produced almost complete laryngeal stenosis 
and a similar process in the intrapulmonary bronchial tree resulting in difl’u'^c 
bronchostenosis Though tracheotomy would have relieved the lar\ ngcal 
stenosis, the degree of bronchial obstruction was so great that no aii-waA 
could have been established The pulmonary iiarcncliMua. aheady handi- 
capped by extensive pulmonary emplusema. was di owned b\ massne pul- 
monar}' edema Onl} at the periphcn of the lung weie llicie nanow aeialed 
zones in wdiich air bad c\idcnll} been trapped In the diffuse hi onchosleiiosis 
Gross atelectasis was absent 
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7 — rite positive frjtdjngs of the autop»> arc a> follows 

TIk: IxkIj- m that of a poft-crfullj hoill, well nourwbed male agi. 20- Mmost 
tin. ciitnc face, tltc Kflip arid the posterior portion of the neck are covered by first ajid 
M.'Ct ihI <kT,rcc inmii- These arc particubrly ic^cre and reach third degree in die region 
of the alac nasi ami the margins of the can. The postenor snrface of both hands atxl 
wn ts running up 3 cm abo\-e Uie ulnar itylofd »hoH third degree bums. Bums arc 
also p\cwa\t on both ankle* juit above the »hoc level There u a recent tracheotomy 
inciiion 5 cm. m length the central ponion of nhkh is gaping and from which the 
traclieotoco) tube hai been removed. Hematoraata arc present in both antcctibital 
fossae at well os the scar* of *e%-eral needle puncture* mtrlying the veins. The lalj- 
cutaneou* fat Is abundant. The ma«le* arc well developed normal In color and 
coniiitency 

Siomach ConUini approxTmately 300 cc of grcenlth brown fluid. The mucosa 
shows Imramerabk red ptmeta var>dng from as to 2 nun. in size. Thetc are 
most muneroui at the cardiac end and disappear as the pyloric antram is readietk 
No true erosions arc found 

DtodftJHm There Is moderate congestion and numeroiii scattered minute petcvhiac 
in the mu cosa of the second and third portion. The rmuinder of the intestinal tract 
II negatu-e. 

Laryns and TrocAco (color section Fig s) All mocous membranes m the larynx are 
mark-edly congested and swollen, prodocmg almost total occlusion at the level of the true 
cord. Over the arytcnOKl cartilages the mucous membrane U J to 4 mm, thick. Lightly ad 
herem to the mocous surfaces are grayuh spots of fibnnems e-ctKlate b which are small 
black charred particle*. On die edges of the fibrinous membrane focal hemorrhage can 
easily be made oct Tlie hemorrhage and discoloratloo are present m the larynx below the 
vocal cords 11 well as above them. As one paste* down the trachea Intense hemorrhagic 
congestion coatimtes but the fibrinous raembnmes disappear excep t for scattered linear 
erostoni 2 to 4 mm. in length and i to 1 5 mm. in width The tracheotomy uxnmd is 
clean and show* no evidence ol mfeciioo. AU the iissuea of the lower neck are markedlv 
edematous and this edema spreads downward over the anlenor chest wall beneath Uie 
pectoral muscle and also down ento the antenor raediastlrrom m the region of the thyraia 

Limps Combined welghl 1630 Gm. When examined m situ n is evident that they 
coQapse only slightly on removal of the •tenmm The anterior margins of both upper 
lobes which present through the sternectomy incuion are light m color and the 
borders arc rounded Alveoli are clearly visible to the naked eye bdjcatmg physiologic 
emphysema. The major portloni of both upper lobes and of the middle lobe are dark 
ptnk with a slight violaceoai tinge. The tiuoe feels heavy and is of iiKTcased con- 
•irtency but, nevcrthelesi still crepitant No areas of true consolidation can be felt 
Two-thirds of the left lower lobe fs similar to comutener whereas tlie posterKir mfenor 
third is completely atelectatic and dark reddish-bloc and modcratclv firm The right 
lower lohe u likewise heavy with diflfuiely decreased crepitation except for a trans 
\-erse bond of complete atelectasis 5 cm. to width, the lower border of which lies 4 cm. 
above the daphragmatre margin. SeetKm of the onlbccd right lung demoritratcs 
extensive membranous bronchitis extending even to the bronchiole* which are dilated 
and can be traced to within o S cm. of the pleural snrfacc. The membrane is Ie*i adherent 
than to Case 25 Is more mocoxi and more often stained by hemorrliage. The cut surface 
of the lung is deeply congcitcd. slmlitlv firmer than normal and dilTnselv suherepitanL 
Moderate amounts of fluid can be expressed with pressure. In tlie rniddJe third of the 
k)TFer lobe it 11 completely atelecUbc. Terr dark red and moderatdj firm. Several small 
frankly hemorrhagK foci, usually lobular to dnncnsionj are found to contact with pleural 
»OTi>cei. These suggest toUmion bot are less firm Uian woaH be expected 
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Section of the left lung after fixation shows a uniform reddish-chocolate color, 
alveoli which are just visible to the naked eye and no variations in consistency The 
lower lobe in contrast shows marked variations An irregularly pyramidal area, i\ith 
a base 4 cm m diameter along the diaphragmatic surface, extends upward in a zig-zag 
pattern along the posterior surface of the lobe for a distance of ii cm It is dark 
red in color and depressed 2 to 3 mm below the adjoining parenchyma In the fixed 
specimen it is extremely firm The cut surface is, likewise, dark red in color, franklv 
hemorrhagic and completely homogeneous No air bubbles are present and no trace 
of alveolar markings can be discerned At its upper margins the hemorrhagic process 
sends finger-like processes toward the hilus which are localized m the adventitia of 
large vessels and bronchi The configuration of the lesion is very characteristic of 
atelectasis but its consistency and appearance on section is that of infarction The 
remainder of the lower lobe shows compensatory physiologic emphysema, the alveoli 
averaging nearly twice the size of those m the upper lobe 

Mcdtastinnm The tissues of *he anterior mediastinum are distinctly congested and 
edematous As mentioned above this appears to be a dependent drainage of fluid from 
the more massive edema in the lower neck 

Liver Weight, 2265 Grn It seems large even in proportion to the patient’s 
size It IS, in general, deep reddish-brown with some focal yellowish mottling On 
section, the markings are not prominent, and the tissue does not pout over the cut edge 
Spleen Weight, 260 Gm It is very firm, intensely congested Considerable pulp 
scrapes readily from the cut surface The markings are not evident 
Adtenals Normal 

Kidneys Weight, 370 Gm They are intensely congested The capsules strip 
readily leaving a smooth surface The cortex averages 6 mm in thickness The 
pelves show scattered minute petechial hemorrhages 

Microscopic Evaminahon — Larynx and Trachea The simplest change is a loss of 
the lining epithelial cells which have been replaced by a fibrinous membrane of varying 
thickness in which black granules, presumably carbonaceous, are embedded This fibrinous 
layer appears loosely adherent and has frequently been detached in the process of 
sectioning Beneath these areas the basement membrane is intact, the underlying areolar 
tissue IS edematous but contains no fibrin deposit and comparatively little leukocytic 
infiltration Where epithelium persists it is represented by a narrow laj^er, one or 
two cells thick, of spindle-shaped basophilic cells, the long axes of which parallel the 
basement membrane Though no mitoses are found one may legitimately surmise early 
regeneration 

In the more severely involved areas a different picture is observed (Fig 29) The 
mucosal surface is lined by a necrotic layer in which two zones can usually be recog- 
nized Toward the lumen is a hyaline, brightlj" acidophilic, sometimes "fibrinoid” zone 
50 to 100 microns m thickness, which is usually devoid of any recognizable structural 
pattern and is cell free except for small numbers of infiltrating leukocytes In a few 
areas however, shadow forms of the original cjlindncal ciliated cells can be recognized 
uithin it, suggesting that in part at least this hyaline zone has formed bv necrosis and 
fusion of the epithelial lajei Beneath this hyaline zone is another zone, 100 to 200 
microns 111 thickness, of true fibrin deposit and dense leukocitic infiltration This zone 
appears to he just beneath the basement membrane, whereier remnants of it can ht 
identified 

All the blood \csscls of the mucosa appear maximally dilated and engorged 
number of the supci ficial \cssels close to the fibrinous layer just described contain 
thrombi which partiallj or totalh occlude the lumina In the smaller \csscls closest to 
the surface these thrombi arc often dense and Inaline, in the larger ones thej arc of 
ordinarj platckf and fibrin structure The loose connectnc tissue of the deeper portion^ 
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of the bronchial wall is markedly edematous and contains small numbers of scattered 
polymorphonuclcars 

Bronchial Tree The epithelial layer where visible is completely necrotic In 
other areas it has desquamated leaving a denuded but intact basement membrane Over 
considerable distances the shadow forms of the necrotic epithelial cells are visible as a 
distinct layer, sometimes still adherent to the basement membrane, more often partiall\ 
separated from it by small lakes of serous evudate (Figs 30 and 31) The lumina 
of most of the larger and all the smallei bronchi are plugged wutli casts composed ot 
necrotic desquamated epithelium, polymorphonuclear leukocytes, monocytes often con- 
taining black granules, fibrin and traces of mucus in varying proportions One bronchus 
contains a mass of cornified epithelial cells 

The deeper layers of the bronchial mucosa show maximal vascular engorgement 
and in some instances extensive interstitial hemorihage This frequently extends into 
the adventitia external to the cartilaginous rings Leukocytes are usually concentrated 
just beneath the basement membrane and are scanty in the deeper layers 

Pulmonary Parenchyma The picture varies widely in different portions of the 
lung Throughout most of the lung the picture is one of physiologic emphysema 
alternating with edema and partial collapse In the latter areas the alveoli average onc- 
third to one-half the size of expanded alveoli, and are umfol'mly fluid-filled No 
complete alveolar collapse is found Even m the partially atelectatic areas, foci of 
trapped air are found in overdistcnded atria and respiratory bronchioles The edema 
fluid for the most part has precipitated as an homogeneous, colloid-like mass in the 
alveoli There are no fibrinoid membranes and little diapedesis of red cells 

Sections from the large hemorrhagic area (Fig 32) described at the base of the 
left lung are somewhat unusual in appearance The alveoli are uniformly small, onc- 
third to one-half the size of those in neighboring areas Their lumina are uniformly 
devoid of air as arc also those of the atria and respiratory bronchioles The majority 
arc packed with red cells but others contain colloid-like edema fluid, and still others 
interlacing strands of fibrin , and all combinations of these three elements occur Almost 
no leukocytes arc present The alveolar walls arc perfectly preserved, thoir nuclei stam 
well and their capillaries can usually be made out and appear congested The adventitia 
of all blood vessels in the zone is markedly hemorrhagic and packed red cells arc 
found m many Ij'mphatics 

Scattered throughout all lobes of both lungs, nonadherent hyaline emboli, similar 
to those noted m the superficial vessels of the larjmx and trachea, are lound m mam 
of the pulmonar}'- arterial branches Other vessels, in the neighborhood of the hemor- 
rhagic areas, show fresh, occlusne thrombi of the usual platelet and fibrin type 

Livn Moderate fine, fat \acuohzation is present in the hepatic cells of the central 
third of the lobule In this same region slight edematous separation of the sinusoidal 
endothelium from the Incr cords is evident 
Kidney Negatne 

.ddicnal Ihc cell cords in the outer half of the fascicularis and inner glomcrtilosa 
show separation of the cells by pools of serous exudate in which a few strands of fibrin 
arc frequently found In an occasional focus there is complete interruption of the 
continuity of the cord where cells have completely disappeared An occasional bnglitl' 
eosinophilic cell with pknotic nucleus and a few' foci of poly niorphomiclcnr infiltration 
arc found (Fig 33) 

9/n»mr/i A section from the fundus shows marked \asculnr engorgement and 
scattered pctc-cIiMl hcinorrhagcs in the imirnsa 

Brain There is disorganization of Ihc Nissl substance of the cortical ncr\c celh 
Scatured nstrocctcs in the cortex haec swollen cytoplasm and two or three nuclei 
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Marked satelhtosis, such as is present m Case 27, is not observed, but sections from a 
corresponding region of the brain are not available 

Case 7, m summary, showed essentially the same /type of membranous 
necrotizmg inflammation of the larynx, trachea and bronchial tree as Case 25 
In comparison, the process was somewhat more severe in the larynx (trache- 
otomy had been performed) and a little less intense m the bronchial tree 
In contrast, the pulmonary changes were radically different Whereas pre- 
existing anatomic emphysema and acute pulmonary edema dominated the 
picture m Case 25, in this one, atelectasis and compensatory physiologic 
emphysema were the rule A complicating factor was provided by the ex- 
tensive hemorrhagic lesions m the lower lobes These are extremely difficult 
to interpret Their gross configuration and their distribution conformed with 
the usual pattern of atelectasis, but the character of the cut surface seemed 
typical of infarction Microscopic examination showed extensive hemorrhage 
into the alveoli compatible with infarction and multiple arterial emboli. How- 
ever, the alveolar walls showed no necrosis and there was no trapped air 
within the lesion No leukocytic infiltration was present, even at the margins 

The problem is to explain the massive alveolar hemorrhage The picture 
was clearly not pneumonic Blood aspiration from massive bronchial hemor- 
rhage ordinarily presents a dispersed, fan-like pattern rather tlian the massive 
involvement present here Furthermore, no clots were present in the bron- 
chial tree and there was no history of massive hemoptysis Simple atelec- 
tasis,^ when based on bronchial occlusion, not on external pressure, is 
associated with serous exudate into the alveoli and moderate numbers of red 
blood cells may be present, but they never dominate the picture 

The final alternative is infarction In very recent infarction sufficient 
time may not have elapsed to produce visible changes in the alveolar walls 
but in such early infarcts trapped air is almost invariably found A condi- 
tion known as partial infarction^ must also be considered This is a paren- 
chymal injury based on arterial occlusion which does not go on to tissue 
necrosis because a collateral circulation develops within a comparatively 
short period In this condition extensive hemorrhage into alveoli may occur, 
but again total displacement of air would be most unlikely The final 
possibility to be considered is that infarction developed 111 a previously col- 
lapsed atelectatic area This hypothesis would fit the gross appearances, but 
since the microscopic examination failed to show evidence of necrosis of 
alveolar walls it would be necessary to assume that it was very' recent or 
that the infarction was but partial The evidence does not warrant a definite 
diagnosis 

Another feature of note ^\as the microscopic demonstration of adrenal 
cortical necrosis This is of interest because of the physiologic evidence 
of change in adrenal cortical function obtained by Dr Cope, and his associates, 
from study of the ly-ketosteroids excretion (metabolic observation) The 
brain showed histologic changes characteristic of anoxemia 

Case 27 — The IkxK is tliat of a wcll-dc\ eloped and wcll-noiirislicd joiing woman 
age 18 Tiicrc arc extensive superficial burns as follows Third degree burns, the 
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right ikle of the fice. the forehead md the month. There i* aJw a ipot of third degree 
bam, 25 cm. In diameter orer the left maUr bone. The niarghii of both eari arc 
deeply burned and there i» a lecood degree bum on the upper Up and most of the chin. 
Third degree bums corer the dortura of both hands extending 4 cm abore the wnsu 
afut aUo the lateral ajf)ect of both upper arms from elbow’s op to the acroniloa itrocesici. 
The entire back from the buttocks op to the shoulders 11 completely covered by second 
and third degree wet, veepmg lesions Small scattered bums, each about i cm In 
diameter are found scattered akmg the anterior aspect of both lower legs ovcrljlng the 
itbial cresti. 

TmrAeo axd Bronchi Intense congestion Is present without vUiblc necrosis. There 
ire scattered petechial bemorrhaRes In tlie upper trachea. 

BroncAuif Lymfh ffodet Slightly enlarged and wet 

Lanpx (color section Fig 8) W eight 1 180 Cm. The lungs fad to collapse when the 
sternum Is removed. Examined ih xifH the lower two thirds of the left lower lobe is mark 
cdJ) atelectatic The rcmaming portion of llie lobe shows compenutory emphysema inter 
rupted by a few scattered lobular areas of atelectasis One transverse band of atelectasis 
about I cm. m thickness trai’ersei tlie upper portion of the lobe at a level S cm. 
below the apex Another band runs \-ertically at right angles to this up to tlie extreme 
tip of the lobe. On the latcial surface of tlds lobe Bdjoming the diaphragmatic margin 
is a purple area of sharply outlined consolidation 3 an. m illametcr m’er which pctechnl 
bemoTThages arc found In the pleura One centlmder posterioT to this is 0 smaller 
similar uodulc. i cm. m diameter The left upper lobe is again predomutantly emphy 
semaioui vriih readily visible alveoli but shows several scafttmJ small patchea of 
atelectasis ranging from i to a-S cm fai diameter Tlie right lower lobe shows maulvc 
ateketasU of the posterior two-thlrUa. whereas the anterior third is distended except 
for occasional purple lobular areas of collapse. A roughly spbericaJ nodule of con- 
solldatiOQ, 3.5 cm, fai datnetcr Is present m the atelectatic portion cm th^ lateral surface 
of the lung 2 as. above the diaphragmatic border The nght middle lobe is pre 
dominantly emphyiematocB a focus of increased ccmsiitency near the lower anterior 
margin 3 cm. m diameter This Is light purple in color there b no overlymg pleural 
reactloa The nght upper lobe li markedly emphysematous with a few small consolidated 
nodules about i on. in diameter along the antenor margin. 

A sagittal secuon of the nght lung (color section Fig 9) reveals marked congestion 
of the mucosa of the primary bronchus. Beginning in the lobar bronchi and becoming move 
uttcQse in tbdr secondary and tertiary tabdivisions there u mucosal hemorr h age necrosis 
and psetxJodiphlhentK membrane foruutloo which extends even into the small bronchial 
radicles (color section Fig 7) Large areas of red, depressed atdcctatic tissue iltematc 
with pale aerated slightly overdiftended parenchyma. Three sharply outhned fod, ranging 
from 1 to 3 era. in diameter extend mwrard from the pleura, winch are deep red in 
color very firm to palpation and ha\-e the gross appearance of infarcts. Thrombosed 
vessels ire found in association with two of these. 

Section of the fixed left lung shows esientiaUy a mrular picture. One area 
of apparently typical infarction b found on the diaphragmatic border Approximately 
one third of tbe upper lobe and two-thirds of the lower lobe are partially to com- 
pletely atelectatic In some areas the atdectatK tissue is firm enough to ruse the 
itopiaon of early consolidation. 

ilicroscopu Examination — Traohfa and Bronchi An extensive superficial necro- 
tlxing process is present which never extendi beneath the basemem membrane. No 
normal eplthcllura is found. In a few areas necrotic shadow forms of epithelial cells 
lie in tbdr normal posltwni itill attached to the baseroent membrane. Frequently small 
pools of scrum are foond between the basement membrane and tbe necrotic layer and 
in these areas all stages of desqtamation arc apparent In many areas no traces of 
epltbdlnin are left and the basement membrane is dthcr bare or covered with a fibrinotts 
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membrane containing numerous leukocytes Interspersed with such areas are othcis 
where variable proportions of epithelium persist Occasionally it is of nearly normal 
thickness but without recognizable differentiation into ciliated cells or goblet cells 
Marked leukocytic infiltration is invariably present betw^een the persisting cells l^Iore 
commonl}, the epithelial layer is thin and consists of one, two, or occasionally three 
lajers of somewdiat elongated oval or spindle-shaped cells w'hose long axes parallel 
the basement membrane (Fig 34) 

The deepei layers of the bronchial walls are invariably congested and occasionally 
hemorrhagic The degree of leukocytic infiltration is not, however, great except for 
a narrow zone immediately beneath the basement membrane Blood \essels wntlnn the 
bionchial w'alls are not thrombosed The lumina of all medium-sized and small bronchi 
aie more or less completely plugged w'lth exudate This consists in part of desquamated 
epithelium, in larger part of fibrinopurulent exudate intermixed with some masses 
of mucin In one bronchus masses of cornified epithelial cells are found, presumably 
aspirated from higher in tlie respiratory tree In another bronchus tw'o large clumps 
of micrococci are seen 

Pulmonary Parenchyma The picture is A'ariegated, being compounded of inter- 
mixed atelectasis and physiologic emphysema, edema, pneumonia and focal infarction 

The edema is for tlie most part associated wuth partial atelectasis The alveoli are 
smaller than normal but never completely collapsed and tbeir lumina contain extensne 
granular deposits In one respect, how'ever, the picture varies from the preceding three 
cases In many areas a brilliantly acidophilic fibrinoid membrane has formed peripheral 
to the granular material and in apposition wuth the wall of the air passage These 
membranes are usually found in respiratory bronchioles and atria and comparatively 
rarely in alveoli (Fig 35) In a few areas clusters of red blood cells are mixed witli 
the granular precipitate 

The areas of infarction are lobular in size and the alveolar lumina are solidlj 
packed wuth red cells The alveolar w'alls are largely viable but in the center of 
tlie lesions they show' early signs of necrosis No trapped air is found m these foci, 
and bronchioles extending into them show' no necrosis of their w'alis One focus 
of partial infarction is found in w'hich tlie alveolar lumina are packed w'ltli red 
cells and tlie capillaries contain h3'aline thrombi but tbc alveolar walls are not necrotic 
Throughout the lung, sometimes in comparatively' normal areas, small, dense, usually 
iioiiocclusive thrombi are present in occasional v'cssels (Fig 36) Two fresh fibrin 
and platelet thrombi are found in v,essels 2-3 mm 111 diameter These are adherent to 
tbc walls and one shows traces of organization at the periphery 

The pneumonic foci (Fig 3/) tend to be peribronchial in one location They show' 
serous precipitates, fibrin, red cells and numerous poh'morpbonuclear leukocytes In 
some of the pneumonic foci, fibrinoid membranes are present and, again, arc usually 
found in respiratory' bronchioles and atria rather than in alveoli Organisms arc not 
numerous and are entirely intracellular They' appear to be cocci in pairs and 
sliort chains and arc never lanceolate 

Adunals Distinct abnormalities arc present Tbc cell cords, particularly 111 the 
outer Inlf of the fasciculans, arc frequently' split and sometimes partially transected 
bv spaces in which granular detritus has precipitated, indicating an accumulation of 
serous fluid In these spaces mononuclear phagocytes arc present in small numbers 
In a ftw simll and scattered foci acidophilic necrosis of adrenal cells is present and 
III tbtsL areas polymorphonucicars have collected (Fig 38) Tbc cbromafTin cells of 
the n.cdulla apjiear sbruiikcn and the space between them and the sinusoidal endolhehum 
IS widened, suggesting edema 

Puuii The cerebral cortex is definitely abnormal Many of tlie larger nerve 
t'ells including '•ome of the Ptirkinyc cells arc surrounded by an increased number of 
satellite cells Several mitotic gha cells arc observed Ohgo<iendrogha cells in the 

78 








MALLORY AND BRICKLEY 


the victims had inhaled an irritant agent, either physical or chemical, 
they had lived long enough to develop a serous but not a leukocytic reac 
and that, therefore, their survuA^al period was to be measured in mii 
lather than in seconds or in hours The mechanism of death was anoxe 
dependent in part upon inhalation of carbon monoxide and in all probal 
other gases, and in part upon edema of the lungs 

The cases which died after varying periods upon the wards she 
similar distribution and extent of cutaneous burns The major visi 
lesions were again found m the respiratory tract In Cases 7 and 25 se 



Fig 40 — A higher magnifi 
of the bronchial cast seen in F: 
Note the necrotic respiratorj < 
hum in the separated membrai 


necrotizing laryngitis, with the formation of a pseudodiphtheritic inembr 
had led to almost complete laryngeal stenosis It is interesting that 
process was most severe beneatli, rather than above the vocal cords 
All three cases shoved diffuse hemorrhagic and focal membranous r 
tion 111 the lower trachea and primary bronchi All three showed difi 
membranous bronchitis most se\ere m the secondary and tertiary sii 
Msions of the lobar lironchi but extending in man} areas to the sma! 
IiioikIuoIcs The membranes were found to be sometimes firinh adliei 
In the bioiuhial walLi. sometimes readily separable In many areas, not.' 
Ill Cn^'C 7 the niemliranes hail spont.meoush separated and had co 
iIk iii'-cK ( within the Inomhial lumina to form occlusive plugs One 
ilu''e which w.is '.pontaneoush raised In a patient who siirvhcd, is ill 
ti lUd III rigiiies Y) and 
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Microsxpic c.\aJiiinntion shoA\«I dilTusc necrosis of the lining epitlielium 
In nunu areas the shadow fonns of the necrotic c*ells rested in situ on the 
mtset basanent nienibnnc Tlic 'icciiniiilitioa of small lakes of scrum 
betw-cen this la\pr and the basement membrane ga\c a clue to the inccliamsin 
of spontaneous dctadmient In other areas all traces of the qntliclium Imd 
disappeared and a dense rather hyaline fihnnous nienihrane rested upon 
an intact basement nratilimne In the hrMix and imcliea but nircK in 
the bronchi cndaicc of deq)cr necrosis wtis found and the liascmei^t mem 
branc was Jtscll partialh or complctcK dcstro\cd n\en m these areas the 
zone of necrosis was not deep ne\cr wider tlian too microns In Case 7 
nwn\ of the \e*5els m and jiM licnrtlli tins rone were tliromlioscd 

In contrast to tlic fairh uniform changes m the trachcohronchial tree 
tlie pulnionar) Icaions \’anetl considcribl\ from ease to ease Case 7 a male 
age 29 showed se\cre anatomic cjiiplijscina, cndcntlj of man) }cars 
standing Supenniiw^ed ui>oti this were an acute pulmoiiarj edema and the 
barest traces of carl} bronchopnctimonia. Case 25 slwwcd extensne atcicc 
tasis and compensating phtsiologic anphtsenia \ complicating factor which 
is difficult to interpret was the presence of massw'c hemorrliage into the 
ah-eoh of large atelectatK areas grossh suggesting infarction but micro- 
scopicall) showing no necrosis of aUeolar walls The presence of multiple 
niiliarj emboli throughout the pulniotiar) artenal tree pro\idetl the necessan 
preapitating factor and it is suggeste<l tliat preexisting atelectasis ma^ ha\c 
been the substntc. In the aerated portions of the lung in contrast no 
reaction to the presence of the emboli could l>c <lctecietl Case 27 was m 
man} respects similar \gain atelectasis and compensator} {ilnsiologic 
cmph}scma dominated the picture In this ease too imiUiple sntall emboh 
were found throughout the lung m nomtal as well as m abnormal areas 
Small foo of hemorrhage usualh onU of lobular dimensions were present 
some of which were tjpical botli grossit and microscopicall} of mfarction 
others showed \iable nheolar walls like the lesions in Case 7 \ further 

complicating factor was the presence of wndespread foa of inapient broncho- 
pneumonia wnthm the areas of atelectasis Tlic \er> slight sohdiScation of 
the lungs on gross exanunation the predommawt serous exudation and tlie 
comparatw el} light Ieukoc>'tic infiltration all suggest that tins pneiimomc 
reaction was of len brief duraPon 

Other organs with few exceptions sliowcd no abnormalities whicli could 
be attributed to the aatte incident Tlie liver in Case 25 was markedly m 
filtrated wnth fat and that m Case 7 moderately so In botli mstances the 
habitus of the jiatient suggested that its presence was phvsiologic Careful 
examinaUon of the kidiie}8 showed no c\udcncc of hemoglobmunc nephro- 
path> though this w'as found in sexcral cases examined elsewhere m the 
nt} Tlie gastro-mtestmal tract regularl} showed congestion and petechial 
hemorrhages m the fundic portion of the stomach and m the duodenum 
One parenclw-mal lesion could it was believed dearl} be attnbuted to 
the acute injury This ii-as focal necrosis of the adrenal cortex tery 
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clearly demonstrable m Cases 7 and 27 In t^^o cases the brain sho\Ned 
changes attributable to prolonged anoxemia 


DISCUSSION 

Many of the facts of the Cocoanut Grove disaster are still shrouded in 
mystery, and it is not improbable that some of them will always remain so 
It is clear that the victims were exposed briefly to flame of great intensit} 
arising from inflammable material and, for a longer period, to toxic products 
of combustion which, in the enclosed space, may have reached high con- 
centrations Of the nature of the latter, nothing as yet is definitely known, 
beyond the demonstrated presence of carbon monoxide and at least traces 
of oxides of nitrogen It may be assumed that both factors may haie 
played a role m the pathologic lesions winch were observed 

Testimony indicates that the flames were, to a consideiable extent, 
limited to the upper portions of the various 100ms This checks with the 
pathologic observation that the heads of the victims were disproportionately 
burned It also makes it understandable that inhalation of flame was fre- 
quent How far flames may have penetrated into the respirator}^ passages 
is more difficult to determine with precision Characteristic eschars were 
found within the nares , the black membranous exudation of the larynx, 
and the lesions m the trachea were probably of similar origin The 
exaggeration of the necrotizing process below rather than above the vocal 
cords was presumably due to eddy formation below a point of narrowing 
Lesions of this type are not unusual in the experience of a Medical Examiner 

More difficult to account for was the massive pulmonary edema winch 
must have developed in an extremely brief period of time Even witli the 
most toxic war gases some latent period is usual, frequently a period of 
several hours Anoxemia alone will rapidly produce pulmonary edema as 
Drinker, and his collaborators^ have shown Perhaps a combination of 
anoxemia and some irritant vapor may have worked synergistically 111 
these cases 

The most characteristic feature of the material was the diffuse mem- 
branous bronchitis This is a characteristic effect of several of the uar 
gases, notably phosgene, mustard gas and chlorpicrin It is also charac- 
teristic of nitrogen dioxide inhalation Herein lies the strongest pathologic 
evidence for inhalation of toxic fumes 


REFERENCES 

> Locsdikc, H Atclcktasc Hcnkc-Lubarscli Handbiicli dcr spczicllcn Palbolopi‘;cbcn iind 
Histologic, Vol III, Part I, page 603 

- Hampton, A O , and Castleman, 13 Correlation of Postmortem Cbcst Tclcrornt- 
genograms with Autopsj Findings Am J Roentgenol and Radium Tbeiapx, 43 * 
305-325, 1940 

■' Warren. M F. Peterson, D K, and Drinker, C K Effects of Heigb'eiied Neratwe 
Pressure in the Chest Togctlier with Anoxemia in Increasing the Mow of Lsnipb 
from tlic Lungs Am J Pbssiol 137, 641-672, 1042 
Winternitr, M C Patbologj of War Gas Poisoning Yale Uiinersit\ Prc-.s, J020 

' son Octtingen W F T lie ToxiciU and Potmtial Dangcr^ of Nitrous I nmes I ub ic 
Health Pulltlin No 272, 1041 



TIIK TREATMENT OF THE SURFACE BURNS* 
Ou^'ER CorfJ, MJ) 
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■rat bkjjATUO'T or *u»ctilt or the baeveeb »i=dk:al acBciot. a»d tee suiacAL eutices 
AT T«C MAElAarUEETT* OEHnm. BOEfTTAl, EOrTOK MAM- 


Until the introduction of phvsiologic nirtliods of nnestigation into 
the clinic, the treatment of bums was ntcrelv the treatment of the surface 
uound Thi< was mcMtable since the w-ound was obvious to physioan and 
patient In the last 50 jears with the recognition of hemoconccntration 
the danger of the gencnihied shock of bums lias been appreciated and an 
argument has developed within tlic profession as to which takes precedence 
in the treatment the care of the surface wound or the care of shock E\en 
rccenti} men pnmanl> interested in the shock picture sa\ tliat notlnng should 
be done to the surface until impending shock his been prevented or existing 
shock adequatel} treated 

Such emphasis on shock to the neglect of the surface treatment is wise 
if tlie surface treatment is one which leads to further shock Dihndement 
and clcansmg under anesthesia is such a treatnient 

Dela) m the care of the surface wound however, inmtabi) leads to 
bactenat contamination W^th mcreasc in contamination there is increased 
infection, and increased infection leads to shock as well as dcla>ed wound 
healing 

CKercmpliasis on the surface treatment to the neglect of that of shock 
and anojoa and a tendenq to attrilmte special virtues to a surface treatment 
are also unenlightened For example when 'toxins were considered an 
etiologic agent in shock tanmc aad was advised on its presumed ability 
to fix iit situ tissue toxins produced b) the bum ^ and reduction m the 
mortalitv of patients with bums has been ascribed to a surface treatment 
whereas in realitv it vvas due to better care of carlv shock 

Tlic surface treatment cannot be divorced from the treatment of shock 
It IS the purpose of this article to outline a surface treatnient which does 
not interfere wtli the life saving treatment of sliock vet tends to prevent 
bacterial contamination Tins treatment is peailiarlv suited to a catastrophe 
where the large number of bum casualties is out of proportion to the number 
of trained personnel The problem of the therap> of shock is cpnsidereil 
in a subsequent article 


Tnr RuHFAcr uwro os cocoanut ohovb patients 

Thirty nine of the 114 patients brought to the Emergency Ward of the 
Massachusetts General Hospital from the Cocoanut Grove night club fire 
sumved the initial few mm,_tes and received treatment of their bums. 
Common to disasters there was a pattern to the Injunes The bum pattern 
consisted of the hands face nostrils, mouth the lower half of both corneas 
and the scalp and in the women areas unprotected by adequate clothing 
namely the neck arms shoulders back and legs In addition to the pattern 
distribution the hack and legs of some of the men were burned Bums 
* The work dejcrihed In tins paper -was done under » contract, recommended by 
w Coranuttce oa UctDcal RcMarch, between tire OfSce of Scientific Research and 
DerelopiTJCirt and Harvard Uttirerthy 
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of all degrees were encountered, many having third degree or fuII-thickness 
bums 

The bums were sooty and shaggy, with unruptured blebs Many were 
cherry-red color from carbon monoxide poisoning Some of them looked 
clean, others grossly dirt}’’ Many of the patients had been crawding on 
the floor at the fire, others had been dragged out from piles of dead Many 
of the dead, and some of the unconscious who lived had been incontinent of 
both unne and feces 

But one type of surface treatment was applied to the burns of the skin 
of all of the 39 patients A bland ointment with protective dressing was 
applied w’lthout any prelimmaiw’ debridement or cleansing, and antibactenal 
chemotherapy w’as given internally 

As the patients entered the Emergency Ward, either w’alking or on 
a stretcher, sterile tow’els w’ere placed over the burned surfaces No 
covering A\as put over the faces Insofar as possible these towels w’ere 
held in place as the patients w’ere undressed and transferred from stretcher to 
bed For those patients haAong burns of the back, buttocks, and upper 
legs, sterile sheets w'ere placed on the bed 

A needle was inserted for the intravenous administration of plasma 
before the dressings Avere applied to the burned surfaces In many this Avas 
done AA’hile the patient A\’as still on the stretcher 

When a patient Avas settled in bed, the sterile tOAAels AAere folded back 
and the burn surfaces covered AAUth sterile boric ointment strips These 
strips Avere applied by interns or medical students aa’Iio Avere not only capped 
and masked but AA’ere scrubbed and Aveanng rubber gloves The hum 
surfaces were neither cleansed nor dehnded 

The boric ointment gauze of fine mesh AA’as coA’ered Avith sterile gauze 
to protect tlie Avounds Burns of the face, scalp, and of the extremities 
A\ere bandaged AA’-ith pressure This Avas accomplished by adding roller 
elastic bandages on top of the gauze dressing Over the burns of the trunk, 
large stockinet rolls AA’ere applied. The dressings of burns of the neck Aiere 
held in place by ordinary gauze bandages The eyes, after application of 
5 per cent sulfathiazole ointment, A\ere closed and AA’ere included in the 
pressure dressings of the head. Only the nostrils and lips Avere left un- 
coA’ered 

As a final part of the initial surface treatment, two grams of sodium 
sulfadiazine AAere injected intraA’enously through the cannula or needle 
already in place for plasma transfusion 

This surface dressing, and the chemotherapy, completed the care of tlie 
AAOund It AAas first aid and definitwe treatments combined The dressings 
AAere not changed until the fiftli to tenth day, AAhen boric ointment gauze 
A\as reapplied To those burns AA’hich proA’ed to be of second degree no other 
type of dressing AAas applied To those areas later proving to baA'ede^^^^ 

* The face and left hand of one patient (Case 17) was partial!} debnded and 
cleansed with soap and water before apphing a dressing of 5 per cent stilfalhiazolc 
ointment This was done before the general order A\as appreciated 
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stniction of the skin wet dressings of Iwnc acid or ph}siologic saline solution 
were used after the first two weeks in order to exi>cthtc the rcniovnl of the 
hunted tissue, and prepare llie surfaces for grafting 

Rationale oj the SurjaCi Treatiiiciit Emplo\cd — Tlie use of tins tin 
orthodox surface treatment was premeditated and prompted b\ the con 
cept that of trentntents gising approxiinatclt equal rcsulf^ the simplest would 
be the one best adaptcxl for a disaster with mmierous hum casinltics 
^o DSbndeutenl and No Cleansing — We did not debnde the burn 
wounds becaii'^ we were connncetl tint the intact epidermis o\cr the 
blebs protects against the entrance of bactem and because bleb fluid 
does not become contaunnatetl h\ \mdcnt orgamsms harlwrcd \n gland cr>-pts 
^^^c did not clcanMj the hum surfaces liccause we lxiltc\e tliat cleansing 
is ineffectual in reducing sigmficnntK the minilicr of contaminating organ 
isms present unless Mgorous scrubbing is resorted to Such scmbhing it is 
bche^ed injures Mable epithelium An anesUictic also would be neccssaiw 
and 15 undesirable from the point of new of augmenting shock 

Tile d<5bndemcnt of Irum wounds ns coninionK earned out consists not 
onl) of picking off particles of clothing and other foreign matenal hut 
also in ruptunng an\ tesicles and ren>o\ing the overhang cpidemiis and 
all of the locxe epidermis of the vesicles alreadv ruptured This is ordmanU 
followed b> cleansing Admittedlv dibndement is neeessan for good tan 
ning and therefore debndement and cleansing are part of the tannic acid 
ntual thej have been earned over into other methods of treatment without 
cntinsm. These maneuvers are tinic-consuming as well as painful The} 
tie-up available personnel and require analgesic drugs if not general 
anesthetics The increased numpulaUon of the patient prolonged exposure 
of the wounds and anesthetics attendant with debndement arc conduave 
to senous shock. If these maneuvers can be eliminated tlie trained personnel 
will be freed and the prevention of further shock accomplished 

^^^lcn nond^bndement of bum wounds was suggested soon after Pearl 
Harbor senous objections were raised It wns maintained that all blebs 
must be opened because bleb fluid would be an excellent anaerobic culture 
medium and because the bacteria harbored in the gland erj-pts at the base 
of the vesicle would swim up ind infect the fluid 

On physiologic groimds the first objection seemed unreasonable. Super 
fioal human bum wounds weep for many hours and m dogs Field Dnnkcr 
and A\Tute“ m 1931 showed that there was an increased flow of lymph 
mduced bv an experimental bum which continued for hours wnthout clottmg 
These observations suggested a rapid turnover m the protein nch fluid m 
the hum areas The fluid comes from the plasma pounng through the 
open capillary membrane into the extracellular spaces and passes either 
out on to the surface or back through the Ivmpliatics Such a rapid turn 
over of plasma flmd should mean a relativelv high oxygen content of tlie 
edema fluid m the bum area 


Agamst the second 
brook* and others ■* ® 


objection are the hactcnologic observations of Cole 
pointing to the ibilitv of skin to nd it&clf of patho- 
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gemc bacteria Theie are normal habitants of skin whicli are not sufficiently 
virulent to cause infection, and little trouble is to be expected from these 
Virulent bacteria are destroyed, perhaps by tlie skin lipoids The heat 
producing the burn also decreases the number of bacteria present on the 
skin at the time. 

Finally, it remained to find out in patients with burns what happened 
to the fluid of, and healing beneath, the unruptured vesicles Twenty-sux 
patients had been studied prior to the Cocoanut Grove fire The fluid from 
more than one bleb was observed in many of the patients In those arnving 
at the hospital with unruptured blebs, the blebs were protected by gauze 
to prevent rupture Many of the patients’ burns were hours to days old 
when first seen, and the blebs had not been protected from contamination by 
any dressing From 24 hours to 14 days after the burn the fluid was 
removed from the vesicles under sterile precautions and cultured m Dr 
Champ Lyons’ laboratory In a few instances, the nonpathogemc sapro- 
phytic organisms of normal skin were recovered In only one instance was 
a pathogenic organism, a beta hemolytic streptococcus, obtained m fluid of 
an unruptured bleb, and in this case alone was the fluid purulent It was 
the clinical impression that the healing beneath tlie unruptured blebs occurred 
as rapidly as under any of the agents commonly recommended for the bum 
surface 

Another objection which has been raised to nondebridement is that the 
dead epidermis of vesicles which have already ruptured provides a culture 
medium for organisms Such broken epidermis usually retracts and is often 
found rolled up m a corner of the old vesicle Admittedly, it looks messy and 
unsurgical, but how dangerous a culture medium is it and what do ve 
accomplish by taking it away^ If it is excised and a dressing applied, it 
will be replaced by a layer of fibrin between cells and dressing As far as is 
known, this inert fibrin is as good a culture medium as the dead epidemiis 
Since unruptured vesicles are not infected, the under surface of the broken 
epidermis is presumably uninfected Even though it now covers a lesser 
surface of the burn, it is still a protection and as physiologic as any that is 
now known 

A major point in favor of nondebridement of the burn wound is, as 
has been shown in this laboratory^ the availability'^ to the wound of chemo- 
therapeutic agents administered internally Absorption of sulfonamides 
applied locally to the debnded burn surface has been obsen'ed at this 
hospital by Dr Lymns, and also reported in the literature Such absorp- 
tion may be rapid and irregular and if the burn surface is large, toxic 
levels of the drugs m the body'^ fluids may be reached (Absorption from 
a nondebnded surface has not been measured ) 

The levels of the sulfonamide drugs in the body^ fluids are more easily 
controlled by internal administration Therefore, if it could be shown that 
these drugs permeate through the burn tissue, this route would be preferable 
Since sulfonamides are freely'^ diffusible and there is an increase m capillary 
permeability^ m the region of the burn with delay^ed clotting of the edema 
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and bleb fluid it ^cciiicd likcl) tliat free diffusion in the carh hours at 
least wxnild be found 

As antiapated the lc\cl of the sulfonamides m the bleb fluid of un 
nipturcd Ncsicles followed cIoscl> tluit of tlie blood plasma. For example 
a girl wnth a bum of the leg and a Large unniptured bleb was started on 
sulfadiaiinc b\ mouth two hours after the hum Twelve hours later a titer 
4-3 tug of the dnig was found lioth in the bleb fluid and blood plasma. 
Such ob^en’ations were repeated on a nuiiilicr of the Cocoamit Grove fire 
patients 

It is not known for how long sulfonamides administered intcmall) per 
meatc frccl) through the Inim wound Fibrin is evnituall) deposited in 
the intercellular spaces of the wound and it is proliable when this stage 
of the inflamniatorv process is complete tliat substances nomvallv diffusible 
arc no longer able to pcmicatc through the wound in bacteriostatic concen 
trations Tins is suggested hv the findings in a patient treated since the 
Cocoanut Grove disaster A hot water hum of the lower leg resulted in a 
large unruptured hleb Sulfachaiinc was withheld until 6 o hours after tlie 
bum \t 73 hours the levels of sulfadiazine were 8 mg in blood and 3 3 mg 
m the bleb fluid Th^ time limit if such exists remains to be determined 
It seemed reasonable on the basis of these findings on the fluid of un 
ruptured blebs (absence of virulent Iiactena good healing m its presence and 
avaiUbilitj to it of mtemallv administered sulfonamides) to treat bum patients 
with the greatlj simplified surface treatment of no dibndement no cleansing 
and a simple bland ointment with protective dressing Several patients liad 
been treated in tins manner prior to the Cocoanut Grove disaster and the 
observ-ations on them afforded an adequate basis for planning to use sudi 
a simplified treatment m a disaster with numerous bum casualties 

Bone Oinimeut A bLind protective ointment dressing is indicated in 
the treatment of skin bums since the chemical agents currently recommended 
arc believed to be mjunous to othermse nablc epithelium and dela> wound 
healing In a prevnous communication from this hospital ® it has been 
shown tliat tannic and the dye solutions and certain other preparations 
delay the healing of an epithelial woimd Use was made of the donor site, 
from which a sldn graft of uniform thickness had been removed bj the 
dermatone for the assay of these vanous agents. This wound heals by 
epithelial proliferation with a minimum of fibrous tissue contracture It 
15 also a stcnle wound and the retarding influences of vanous Infectious 
organisms is eliminated as a complicating factor Although it is not a 
bum wound and docs not have the superfiaal laver of dead tissue created 
b> the bum from the point of view of hcabng it has much m common with 
the bum wound Substances retarding healmg in this donor site wound 
would nresumablv have the same action on the viable epithelium of a bum 
wound 

It 13 difficult if not impossible to assav accuratelv the effect of a 
chemical agent on epithelial regeneration using a clinical bum wound 
There are factors other than the suKrtance applied locallv which influence 
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the rate of healing There is no proven clinical method of judging accuratel} 
the extent to which the cells are damaged by the burn, and thus no hio 
burned areas can be considered of identical depth or degree Obviously, 
the deeper the burn, the slower the healing will be Also complications of 
the burn, infection and malnutrition, delay the eventual healing The 
effect on healing ascribed to an agent may be due m reality to the depth 
of tlie burn or to other factors * 

Boric ointment gauze was used as the control agent m these experi- 
ments upon epithelial regeneration It is chiefly because this ointment is 
commonly used in hospitals for many purposes that it has been chosen 
for treating burns Dr Lyons feels that the boric acid in the ointment may 
inhibit the growth of the pyocyaneus organism (It is known to rid granu- 
lating wounds of pyocyaneus infection ) The relative absence of this 
organism in the wounds m the patients treated in the disaster is a 
possible confirmation of this effect It should be pointed out, however, 
that little IS known regarding the absorption of bone acid from burn or 
granulating surface wounds, and since boric acid has been occasionally 
reported to give rise to toxic symptoms, it may prove wise after further 
investigation to omit the boric acid and use plain petrolatum for bums In 
this way, excessive absorption from large areas would "be avoided t 

A bland ointment usually gives prompt relief of pain Apparently any 
oily substance, perhaps because it excludes air from the wound, is com- 
fortable If pain persists, it may be due to too tight a dressing 

Presswe Bandage and Splinting — ^The indications for the use of pres- 
sure dressings on the extremities and face are not clear to us Pressure 
dressings on the extremities do prevent the occurrence of massive edema 
beneatli the bandages but may not prevent the loss of plasma In the patients 
of the Cocoanut Grove disaster, the fluid which seeped out m the burned hands, 
and which would have fomred edema locally, was expressed up tlie arm and 
produced massive edema Edema of the burned faces developed despite the 
pressure dressings Where the scalp was not burned m addition to the 
face, edema fluid from the face was expressed posteriorly and a generalized 
edema beneath the bandage was produced Edema fluid was also expressed 
downwards into the soft tissues of the neck and over the shoulders and 
upper chest (color section Fig 15 b) (Massive edema of the breasts devel- 

* The solutions of both tannic acid and the tnple dyes recommended for the treat- 
ment of bums are strongly acid, pa 20 and 2 5, respective!}" Neutralized solutions 
were not tried It is possible that the retardation of healing was due to the aridity 
rather than to anything specifically involved in the tannate or the dyes 

t Since this article was written, the urine of 20 of the patients has been analyzed 
for boric acid A maximum of 2 Gm was excreted m 24 hours in the first two da^s 
in the patients with extensne burns Later on when boric acid solution was used to 
irrigate the granulating wounds, as much as 2 5 Gm were excreted in the urine in 24 
hours These levels are far below those of excretion reported in patients having toxic 
s}mptoms from boric acid poisoning Since all our patients maintained normal kidnei 
function It IS probable that the excretion of boric acid was prompt, toxic le\cls from 
absorption vere not approached, and the use of boric acid in petrolatum is safe 
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q>cd m Case 13 ) Distended ctlciiuitous tissues were cncouiitcrc<I on per 
forming n traclieotonn where there was no siiperfinal hums of the neck 

It 15 of course possible that an cxccssue edema l>cncath a bum wound 
nu} tend oftai to increase tissue damage On the other liand we ha\c 
no endcnce tliat healing was ccpcdiled in aii\ of onr eases h} the use of 
pressure dressings 

Splinting of an cxtrcmit\ is comfortable and rolled new simpers were m 
corporated 111 an outer hi\cr of the pressure dressings Such splinting 
decreases l\*niph flow which ma^ not lie of licncfit in a sterile bum woimd 
l)ut IS in a septic wound L>anph stasis facilitates the localization of tlic 
septic process 

AdniimslrattVi Uli-tmlagcs of 0 Siiiif'Io Trcalmnit — From the adimn 
istratixc point of \acw m hamllmg casualties of a disaster there are main 
advaintagcs of a simple trealmait Tlie problems of personnel arc the most 
important In battle or m a anlian disaster there is mentabl) a dispro 
portionate number of trametl mc<lical |>er*oiincI to casualties Tlie simpler 
the treatment the fewer the trained personnel required to administer it 
The trcatn>cnt used on the patients at this hospital from the Cocoainit Gro\c 
fire can be apphctl b\ nurses or orderlies Plnsicians present are freed 
for the administration of plasma for shock and oxvgen for anoxia, Tlie 
operating room and a general aitestlietu arc dispensed inth The operating 
room fanlities are freed for the care of other injiincs This hospital had seven 
operating rooms with persimncl in preparation for the patients of this fire 
\\T>en It was olnaous tliat no injuries requiring operatue treatment liad 
been sustained the personnel was made ai-iilahlc for oUier work Tliere is no 
theoretic reason wh\ bum wounds should lia\c lioth first aid and definitiie 
treatments Tlie elimination of the definitne treatment a relic of the tannic 
acid regimen spares much wasted cfTort on the part of personnel and dis 
cnmfoTl to the patient 

\not!icr ad>’antage of a simple treatment from tlie adniimstrative point 
of new 15 the prolilcni of equipment supplies and their storage Idealh 
nothing should be required for the treatment of a bum ihich is not also 
useful for some other type of wound The substances required for tlie 
treatment described are useful in other ti-pes of injunes In contrast the 
paraflm treatment with its heater and sprnv gun complicates the require 
ments and rules out this method c\cn though it maj well gi\e equallj goo<l 
results Tannic acid and triple dies ha\e not been recommended for injunes 
other than bums Such considerations of equipment are of paramount im 
portaiKc to the \rm> and Nav> where transportation and storage arc 
problems 

Medical Advantages of Stm/^hcily — The treatment of a heat bum should 
ideally be directed toward the prevention of its complicabons Of these 
the most unportant are infection and shock Since infection originates 
almost entirely from contamination with organisms amnng on the bum 
surface after the bum has ocairred the earlier the wound is protectetl 
the less will be the infection It is clear that the simpler the treatment 
the sooner it can be applied 
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Infection is to be avoided not only because of the shock due to infectious 
toxemia but also because it delays wound healing and adds to scarring 
Indeed, it is probable that the growth of various organisms on bum wounds 
destroys otherwise viable epithelium and may convert a deep second degree 
bum into a full-thickness destruction of tlie epithelium From the point 
of view both of survival and early convalescence, mfection is most objectionable 
The simpler the treatment, the less manipulation there vail be of the 
patient From the point of view of aggravation of shock this is important 
The rolling of the patient, incident to debridement and washing, not only 
increases pain but disturbs further the arculatory imbalance impending in 
shock Since a simple treatment with minimal requirements of materials 
will be applied earlier, quicker relief of pain will be obtained, and this 
too helps to prevent shock 

Results — The results of the treatment of the bum surface have been 
considered by the Staff as gratifying The second degree bums healed 
promptly without evidence of infection, and with minimal scarring Ex- 
amples are shown m the colored photographs (color section Fig a-e and 
color section Fig 15 a-e) Of the deep burns, the wounds remained un- 
usually free of active or invasive mfection In his article. Dr Lyons details the 
course of bactenologic flora of the wounds and the success of the chemotherapy 
Cultures of the burn wounds were not obtained until tlie time of the first 
change of dressings so the amount and nature of the contamination present at 
the time of entry is not known The subsequent lack of invasive infection was 
presumably due to the chemotherapy rather than to any unusual cleanliness of 
the bums on arrival for they were grossly dirty, and there were many chances 
for fecal and respiratory tract contamination before arrival at the hospital 
Clinical proof that the original surface treatment used, did not lead to 
infection, and, indeed, on the contrary, was effective in checking the growth 
of organisms which were present, is shown by the experience with the 
left hand of Case 2 (color section Fig 14 a-j) Two extensor tendons were 
exposed on the dorsum of the hand and Dr Cannon elected to graft the hand by 
buiying It in the abdominal wall Had there been active infection in this 
vound the tendon would not have survuved, tlie graft would not have be- 
come attached, and the abdominal wall wound would have suppurated 
On the fifteenth day after the disaster, the isolation floor was closed 
Sixteen patients by this time had been discharged home with lungs free of 
signs and with surface bums healed Another patient with a small third 
degree burn of an ankle had been discharged on the fourteenth day to a 
Naval Hospital, the second degree burns having healed (Seven patients 
had died as the results of the pulmonary complications ) 

Of the 15 patients left in the hospital, four were held for residual pul- 
monary signs, the second degree surface burns of three having healed (The 
fourth had no surface burns) These four vere discharged from the seven- 
teenth to the thirty-second day 

The patient with the central ncnmus system damage from anoxia re- 
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niained ihc minor bums lia\nng licnled In the tenth day She wns dis 
chained on the 8ixt> vneiith da\ 

The rcmaininp ten patiaits were those with the third degree bums 
Dr Cannon describes m his article the wound healing obsened m tliesc Tlie 
last of these was discharged on the one hundred and fort} third da} 

Comment — The problem of dchndenicnt and cleansing cannot be cate 
goncall} answered for all bums If a hum surface has been rubbed m 
dirt more infection ma\ Iw a\oidcd h} dibnding and cleansing In some 
cases a sluice of water oicr the surface mthout debnding ma> be near)} as 
efrecti\e,as an} other method Tlie point to cmpliasize is that neither dc* 
bndement nor cleansing are essential to the good care of hums Good 
surgical judgment m their care as m tliat of man} other diseases consists 
of knowing when not to interfere 

The adnsabilit} of using pressure dressings on extremities and face 
has not l>ecn settled b\ the care of the patients of tJic Cocoanut Grove fire at 
this hospital The dressings undoubted!} tend to restnet lire loss of 
plasma and therefore the decrease m plasnia \olume but they do not pre 
\cnt It particular!} m deep bums of the face and scalp when tlie edema 
fluid collects in the neck and o\er the slwulders and chest A point more 
important to settle tlian the effect of prewure on Uie loss of plasma tolume 
however is whether local edenta of the hum tissue is liamiful and whether 
pressure improves the local nutrition We luive obtained no objective e\i 
dence on tins point 

CO\CLtI8IOV8 

A treatment for the surface wounds of bum casualties is desenbed and 
Its rationale discussed It consists of no dibndenient, no cleansing a bland 
ointment with protective dressing and lutemally administered chemotherapy 
It was given extensive trial on the surface bums of the casualties from the 
Cocoanut Grove fire treated at the Massadiusclts General Hospital and 
proven emmentl) satisfactoiy Its adiTmtagc lies m its simphat} The 
avTulable personnel is freed for the care of shock and anoxia jet the surface 
wounds need not be n<^lected 
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PROBLEMS OF INFECTION AND CHEMOTHERAPY* 

Champ Lyons, M D. 

FROM THE DEPARTMENT OF SURGERY OF THE HARVARD MEDICAL SCHOOL AND THE SURCICAI SERHCES 
OF THE MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS 

Ihere is probably no surgical wound more difficult to evaluate from 
the point of view of bacterial infection than a deep burn It is impossible 
to assess the depth and extent of the fresh burn, and a large number 
of different types of bacteria are recoverable from the burn surface Dur- 
ing the phase of healing it is frequently impossible to determine to what extent 
the bacterial contamination has contributed to tissue necrosis The patho- 
genicity of certain bacteria may be obvious but with others there may be 
considerable question Bacteria which, m pure cultures, are classified as 
saproph} tes may m mixed cultures be pathogens in consequence of synergism 
It is usually difficult or impossible to determine the quantitative aspect of 
the initial contamination or the resistance of the host 

Table I 

SULFONAMIDE BLOOD Lr\ EL£ DURING THE FIRST TEN DAIS OF TREATMENT 




Subsequent 

Level mg % 

Initial 

Minimal 

MaTima) 

Less than 2 

0 

2 

0 

2—3 

2 

5 

2 

3—4 

2 

6 

1 

4— S 

12 

14 

1 

5—6 

6 

0 

2 

6—7 

1 

0 

5 

7—8 

5 

1 

8 

8—9 

2 

0 

4 

9—10 

10—11 

11—12 

0 


2 

3 

0 

Total No of patients 

30 

28 

28 

< r 


Certain principles of treatment were agreed upon during the period of 
arrival of the first patients In general, it was held that 


1 The prevention and treatment of shock must be the first and im- 
mediate consideration 

2 Further contamination of wounds must be avoided 

3 Measures to control the established bacterial contamination would 
be limited to increasing the resistance of the host by chemotherapy, 
passive immunization and maintenance of nutrition 

The role of shock in infections cannot be overemphasized The hemo- 
1 } tic streptococcus is frequently a preferential anaerobe,^ and one of its lethal 
toxins IS oxygen-sensitive - The importance of shock m gas gangrene, and 
vice vcisa, nas well recognized m World War I Any factor wffich retards 
the circulation and low^ers tissue oxygenation invites anaerobic g rowdli of 

The work clcscrihcd m this paper was done under a contract, recommended hy the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Massachusetts General Hospital 
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bactena Telanus wti^ a specml n^k of the theniuil traimn from frostbite 
in the Russian anii} dunnp the Finnish campaign ^ On the otlicr hand 
postopcrati\e shock is often tlic outu-ard manifestation of hanol^^tic strepto- 
coccus ^\ound infection^ Hence it would appear tlmt the prophjlaxis of 
infection is an integral part of Uic shock problem as it applies to bums 
Clinical expcncncc wnth established infections indicates that an effective 
hlood level of sulfonamide offers the most certain control of s>stcmic infection 
due to the hemoKlic strqitococcus Tlic prompt intnvenous administration 
of a known amount of sulfonamide seemed to !»c the most direct method 
of coniliating shock due to infection 


ccpjMJCwios* *niiw.Ti r> to 
ComplKStxim 
Ile«utirU*oa}> 

CrrttallarU onli 
llcm«tir{a atMl cry^talhitia 
Few 

Fe\rr u>d ruh 
AcnnlocT tenb 
Ulcnxopic 


|>0*<\M]DC Tiin 


I APT ro« ItVTK OK MOCK DATH 

No, PmtleiH* 


In recording this clinical cxpenencc vnth the victims of the Cocoonut 
Grove fire ever} effort lias been made to distinguish between factual data 
and inference from clinical oliscrv ations It seems vnsc to maintain this 
distmction here. 


FVCTUVL DATV 

Asepsis atid SienU Prceaiiltoiis — \ stnctl} aseptic technic was not prac 
tical for tlie initial reception of the patients All hospital attendants in the 
receiving ward were masked but it was impossible to mask patients be 
cause of the face bums and respirator) difficulties Qean unstenle gowns 


Table III 



TIItPCEATVMC BCErCTTW: 71 IIOUBT AFIU ETA«n>.0 PT^ICIllIX 





Maximal Tcmp«ratTira 




Deirea Fahr 

C«eNa 

DlarnoAla 

W B C. 

3th Da/ 

0th Day 

19 

PulcooEirY bum 

13 400 

102 

100 3 

12 

I\i1[nctaEr)r bum and CO potaon 

13 000 

101 

lot 

2 

naUoofiary aod dfcp b«m 

12 eoo 

104 3 

too 3 

1 

r haoctarr and d^rp bum 

17 000 

103 3 

101 5 

11 

Pulmijaary aod d«rp bum 

11 000 

104 

102 5 

13 

PulmoeaTr aod <Wp bum 

IS 400 

101 

102 

2« 

TVJaioaarr aod d«Tp bum 

17000 

102 

101 

11 

rDbaamry and d««p bum 

24 000 

102 

101 3 

11 

P Imoairy aod d««p bum 

20 000 

102 3 

101,3 

16 

PotnwiTTy aod d«p bum 

13, BOO 

102 

101 5 

it 

Pnhnonary aod d«p bom 

1&.000 

102 

102 


were donned b) volunteer assistants m street clotlies but tius was not 
universal Hospital attendants wore their usual clothing without other 
covenng Morphine sedation and mtravenous fluid therapy were started 
as soon as possible after amval 

The rapid transfer of patients from the receiving w^ird to the ward 
isolated for their care facihtated supervision of sterile precautions At 
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In this group of patients the level varied roughly between four and ten mg 
per cent No patient developed an abnormally high blood level The 
maximal period of treatment was 134 days in one patient 

The complications attributed to sulfonamide therapy in 26 patients re- 
ceiving drug for seven 01 more days are listed in Table II 

It was necessary to administer alkali and alter dosage to control hema- 
turia and crystalluna but no patient developed costovertebral tenderness or 
anuria The drug had to be omitted in five patients Two with fever, two 

Table VII 

CASK 13 DISCHARGED ON 143RD DA^i REQUIRED SKIN GRAFTING 

Wrecks Ist 2nd 3rd 4th Sth 6th 7th gth 

Treatment 

Penicalhn ——————— —~_ 

Sulfadiazine ' 

Organisms 


Staph , coag + 

+ 

+ 

+ 

-h 

-t" 

+ 

+ 

Staph , coag — 

+ 


+ 

+ 



+ 

Beta strep , group A 

+ 

+ 






Beta strep , other 








Alpha strep 

-t- 

-t- 


-F 




Gamma strep, aer 




+ 


+ 


Gamma strep , anaer 








E colt, etc 


+ 






B pyocyaneus 






+ 


B proUus 



+ 

+ 

+ 

-t- 

+ 

Cl vjelchtt 




+ 




Other Clostridia 




+ 

+ 

+ 

+ 

Diphtheroids 

+ 

+ 

-1- 

-h 

+ 

+ 

+ 

B subltlis 

+ 

+ 

+ 

-f 

+ 

+ 

+ 


With rash, and one w'lth agranulocytosis Agranulocytosis was apparent in 
Case 20 on the twenty-fifth day Sulfadiazine was promptly omitted The 
white blood cell count dropped to 1,000 on the tw^enty-sixth day, and she 
was started on pentnucleotide therapy She had been receiving penicillin 
since the sixth day and its administration was continued There was a 
prompt remission of the agranulocytosis by the thirtieth day, wdien the winte 
blood cell count had returned to 8,500 

Tetanus Prophylaxis Members of the armed forces remaining in the 
Iiospital for more than twm days received “booster” doses of tetanus toxoid 
Civilians were skin-tested with a i 10 dilution of horse serum the morning 
after admission, when shock was obviously controlled No positive reactions 
weie observed and 3,000 units of tetanus antitoxin w'ere given all civilian 
patients with surface burns, with three exceptions The exceptions weie 
individuals with severe respiratory difficulty in wdiom it was desirable to 
avoid any risk of bronchospasm 

Penicillin Therapy Eleven patients were noted on the sixth day to have 
tempeiature elevations to iOi° F. or higher by rectum In many of these 
a real leukocytosis w^as present In spite of the clean appearance of the 
w'ounds, it w'as felt that infection was probably present to produce these 
changes Coagulase-positive staphylococci had been demonstrated to be 
the predominant pathogens in the respiratory tract of the patients dying of 
respiratory obstruction and similar organisms had been recovered from the 
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throatl of many of tbe surviving patient! and attendant! The probl< 
diKUMed with Dr Chester S Keefer nho agreed that pemdlhn I 
might be helpful A dosage plan of 5 ooo units every four hours 
musculatly Nvaa wdected The 6rat concentration! contained 50a 
m 5 cc of physiologic salt solution but these caused considerable dist 


Ti»L* Vi 1 1 


CAM M MW3U»0«> MTW BA.\ MOUtmCO IDK QfcArrfW 

V\«1a *•* Jj»ti W 4th Jth 

Treat DMnt — — ~— 

Penidtlla _ 


Suoh. COM + 
BUplw, C«M ” 

BeU Atrtjk, froop A 
Beta (tJTp.. other 
Alphe strep. 

Guqm strep., ker 
Csaust strep, seter 
£ coU etc. 

£• pjo«r7S»<s» 

B frttm 

a wMfi 
OtturClcstrUlA 
Diphtbertiids 
B twUiUt 



«th 


+ 

+ 


+ 

+ 


+ 


71 


Tapis IK 


CAtC }7 Dt»CBA*CC9 M Use &AT U<;V1UP WIX eSATTDIQ 


^e«Vj 

TrtsUMDt 

PcaW&B 

Soifsiiiulae 

OrtsBissu 

Stiph cos*. + 

«*«. — 

Bets tuepp. crenp A 
Bets strep., other 
AJphs strep. 

Osams strsp.. ser 

Mrep.. snser 
£. cbK stc. 

B. pjecTStMT 
B. prcitou 

a 

Other Oostrtdis 
IXjiitbsnUs 
B tnitOu 





when injected into the musde of the thigh. Much lew pain resuJte 
the 5,000 units of penicillin were dissolved m i cc. 

Thirteen of the pabents received pcnialhn at »ome bmc or othei 
patient (Ca« i6) received the drug unintentionally for one day j 
second (Case 29) received the drug dunng five days of a succasi 
grafbng fate m the penod of hospitalization. The rentaimng eleven ' 
received penialhn from the sixth to the fourteenth day or kmgei 
temperature response m these eleven pahents is indicated m Table I 
Accurate appraisal of the efficacy of the pemdUm therapy is unfort 
impossible The dosage employed is now knowm to ba\T been to 
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in light of subsequent observations by Dr Keefer and ourselves It i\as 
also given in the majority of the patients along with sulfadiazine No toxic 
reactions were attributable to the penicillin 

Tables IV through XII summarize the bactenologic findings in tbe 
patients with deep burns requiring skin grafting and treated with penicillin 
Table XIII summarizes the bactenologic picture of the surface wounds 
The initial contaminating flora was a mixture of staphylococci, alpha hemo- 
lytic streptococci, diphtheroids and B subtihs With the exception of the 
alpha hemolytic streptococcus these strains persisted as long as the wounds 
uere unhealed The group A beta hemolytic streptococcus was present 
initially in three patients and was subsequently implanted in three more 
patients The secondary contamination occurred after the original strict 


Table X 

CASE 28 DISCHARGED ON 67th DAY REQUIRED SKIN GRAFTING 
Weeks Ist 2nd 3rd 4 th 5th 6th 7tli 

Treatment 

Penicillin — — — 

Sulfadiazine ' 

Organisms 


Staph , coag + 

+ 

-f" 


“h 

— 

4 - 

Staph , coag — 

-t- 



-f 



Beta strep , group A 

Beta strep , other 

Alpha strep 

Gamma strep , aer 
Gamma strep , anaer 

+ 


4" 




F colt, etc 

B pyocyaneus 

B proleus 

Cl •welchu 



+ 

+ 

+ 

- 1 - 

Other Clostndia 
Diphtheroids 

-1- 

+ 

+ 

-1- 


+ 

B sublilts 

+ 


+ 

-f 




8th 9th 


+ 

+ 

+ 


isolation was relaxed at the beginning of the third week Anaerobic Clos- 
tridia were present initially but tended to disappear A sufficient number of 
these anaerobes persisted to warrant immunization to tetanus The most 
interesting finding was the distribution of the proteolytic gram-negative 
bacilli E cob was present initially in a few cases and tended to persist 
B p)ofeiis appeared at the end of the second week as the eschars of deep 
burns began to separate and was present in all unhealed wounds by the 
fifth week Pseudomonas aerugmosa {B pycocyancus) was an inconstant 
contaminant 


INFEIIENCB FROM CLIFTICAL OBSERVATIONS 

This program of treatment adequately controlled invasive infection There 
vas no evidence of cellulitis, lymphangitis, lymphadenitis or bacteremia 
Superficial burns healed without suppuration in the usual lo- to 14-day 
period The deep burns were all frankly infected and suppurative, but 
there nas no evidence of marginal ulceration of healthy tissue The 
outstanding feature of the infection was its limitation to the tissue devitalized 
by the original thermal injury Pus formation was associated with the 
separation of the burn eschar and the presence of proteolytic grain-negatuc 

100 



INhfc.CTION AND CHEMOTHERAPY 

Imalh Dunne this phase of slough local dressitiga of saline compresses 
^verc appbed and the process of separation liastcncd by bloodless 

surgical cxasioii of the burn escltflr 

Fc\cr Icukoaiosis and positue ailtures from the wounds were observed 
as lone the rounds remained unhealed On the other hand the decision 
for skin grafting -was Imed nwre upon the cUnicnl appraisal of the wound 


CAW 19 D1V3I' 

\\«U 

TrwtmeBt 

PCtDClIllQ 

Sull*dlwiM 

OnanUuu 

St»plu,CTj*f 4 - 

Belt gjott p A 

HeU other 

Alpha tUrp. 

Gamna ytrrp ^ 

GamcBa «trn> aaacr 
C. nJl, no 
B pyocytmev 
Ji frotnt 
Clwtidtd 
Other ClodrUU 
I>Tphthen^d« 

D iatUflr 


Ta*le \l 

OH ion) n T scQiiao ikih mtArmto 
In Jnd ^Ttl 


+ + + 
+ + 


+ + 


+ + + 

+ + + 


10 ) 


+ 


+ 

+ 

+ 


3th 


+ 

+ 


+ 


+ 


+ 


TAtLt XII 


CASE 36 0t«nu*otl> OH 5Sni D\T >rqM1IE3l tUH OIATTIHO 
Wetka IK 2 txl M 

TmiDoit 

PasKilha 

SaUuUtanM 


Orfaolnar 

Bupb coat. + 
Staph coat — 

Prta atrejv. iroap A 
B«ta Krcp> other 
Alpha Arrp 
Ganraa ttrvp^ aer 
Caimia Krep>. artad' 
£. oil etc. 

B fjocytnnj 
3. prvtnu 
a wtIJu( 

Other GloatrUa 
Pipbthtni^ 
ff ntOUt 



4 lh 


+ 


Stb 


and the nutnponal status of the patient than upon tlie bacteria present in 
the wound 

In suramar) it ma> be stated that the method of treatment confined 
the bacterial infection to the dcintalized tissue and protected the living 
cells from mi'asive infection or marked local necrosis. 

Discussion —The inabiht> to acairateli identif) Uie depth of thermal 
injury ui the immediate posttraumatic period of obserration is a senous 
handicap m the final evaluation of any method of treatment Jc may be 
impossible to distinguish betueen a deep bum and an infected superficial 
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burn by an examination o£ the wound prior to skin grafting Our experience 
indicates that a superficial burn heals kindly with any method of treatment 
that prevents destructive hemolytic streptococcal infection It is equally 
true that no method of treatment has arrested the growth of bacteria m the 
deeply burned tissues The treatment adopted in this group of cases was 
based upon the premise that the preservation of the vitality of the undam- 
aged cells was a realistic objective in the treatment of burns It is believed 
that reasonable success attended the use of a nonadherent occlusive local 
dressing and systemic supportive and antibacterial therapy The failure to 
sterilize the devitalized burned tissue by such a method was not unexpected. 


Table XIII 



SUMMARY OF BACTERIOLOGIC FINDINGS 





Weeks 

1st 

2nd 

3rd 

4th 

Sth 

6th 

7th 

8th 

9lh 

No of cultures 

24 

17 

10 

9 

9 

5 

6 

4 

1 

Organisms 










Staph , coag -f 

20 

16 

9 

8 

7 

S 

S 

3 

1 

Staph , coag — 

IS 

10 

6 

3 

3 

3 

4 

1 


Beta strep , group A 

3 

4 

3 

2 

1 


1 



Beta strep , other 

1 


3 






1 

Alpha strep 

IS 

5 

1 

2 


1 




Gamma strep , aer 

1 

1 

1 

1 

2 

2 




Gamma strep , anaer 


1 



1 





E colt, etc 

5 

4 

4 

2 



1 



B pyocyaneus 

1 

1 

3 

2 


3 

1 

1 


B Proteus 

2 

I 

4 

6 

9 

3 

5 

2 


Cl vielchtt 

6 

2 

1 

1 






Other Clostndia 

2 



1 

1 

1 

1 



Diphtheroids 

17 

IS 

10 

8 

5 

5 

6 

3 

1 

B subttlts 

21 

16 

9 

9 

6 

1 

4 

2 


Indeed, if it is ever 

possible to 

sterilize 

such 

tissue, 

the 

removal of 

the 


eschar may become a major problem 

The observation of this group of patients with controlled and limited 
infection has thrown into sharp contrast the derangement of bodily homeo- 
stasis incident to the traumatic insult of a maj'or burn This damage plus 
the metabolic burden of infection depletes the nutritional reserves and 
retards the convalescence of the patient Resistance to infection and tissue 
repair are intimately correlated with recovery from this phase of negative 
balance 

CONCLUSIONS 

The problem of preventing infection m burns has three components 
Prevention of further contamination of ivounds ; effective antibacterial 
therapy for established contamination , and supportive measures to maintain 
the reparative and convalescent capacities of the patient 
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FouRTEEh of the 39 patitnU admitted on the night of the disaster re 
niained m the hospital after the special casualt) ward n-as discontinued on 
December 13 Ten of these patients had third degree bums of sufficient 
extent to require further treatment Only one of the ten M'as hospitalized for 
as long as 18 weeks The average stay of the others was ten weeks the mini 
mum was three and one half weeks and the maximum fourteen and one-half 
During this time, one or more skin grafting operations have been performed 
on nine of the ten patients The tenth patient liad a small aren of deep bum 
on the back nhich rapidlv healed from the margins without grafting 

Disfribitiion of Third Degree Buriij— The skin on the dorsum of tlic 
hand yvus the surface most frequently destro>ed by third degree bum (fifteen 
hands m nine cases [Cases 2811 13 20 23 28 29 and 36] with botli 
hands m six ) The anns were the next most frequently involved surfaces (ten 
arms m sue cases [Cases 2 8 it 13 2oand28] both being involved m four) 
The back was deeply burned m six patients (Cases 1811 13 20 and 28) 
and the scalp and forehead m four (Cases 2813 and 29) In three cases 
(Cases 2 II and 13) the legs were deeply burned and in one of these 
(Case 13) the third degree bums extended almost completely around both 
lower legs and the lower third of both thighs Scattered areas of the neck 
were deeply burned m Cases 8 13 20 23 and 36 

Because of the sinnlanty in distribution of most of these bums it is 
interesting to speculate about the posibon taken by the victims as the fire 
spread rapidly across the ceding The hands were held protectively over 
the face, and the faces were deeply burned m only two cases In one of these 
(Case 8) there were three vertical linear areas of third degree bum on the 
forehead It appears that the forehead was burned between the separated 
protecting fingers The extensor surfaces of the forearm and the lateral sur 
faces of the upper arm and shoulder were deeply burned m two cases 
f Cases 8 and 20) both women Jo evening dresses who exposed these sur 
faces as the hands were held over the face for protection Both of these 
women were burned on the back and m both the pattern of the underwear 
IS evident (color section Fig 12 a) It appears that the victims leaned for 
\rard and turned awav from the most intense heat and were thus severely 
burned on the back as well as on the arms and hands 

Trcatmenl of the Local Wound — The primary occlusive dressing of 
a fine mesh gauze lightly impregnated with bone add omtment* and applied 
with firm pressure has already been desenbed (color section Fig 15 a) Similar 
* add ointment, 10 per cort. In petroUtnm. 
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dressings were used after the first were changed between the fifth and tenth 
days By the tenth to tw^elfth day the destroyed skin had begun to separate and 
there was suppuration about the margins wuth pus escaping through openings 
in the slough No cellulitis or lymphangitis indicative of invasive infection 
was apparent In order to insure better drainage of the wounds, constant 
wet dressings, with a single layer of fine-mesh gauze against the granulations, 
were applied at this time These were kept moist by instilling 2 per cent 
boric acid solution through Dakin’s tubes incorporated in the dressing They 
were changed every second or third day An alternation of wet and bone 
ointment dressings was tned, but because of the discomfort of the latter, 
especially on the hands, the wet dressings w^ere continued until the time of 
grafting. The Bunyan envelope was used for several days in four patients 
(Cases 2, II, 28 and 29) who had burns of the hands and forearms The 
patients found them uncomfortable The common complaint was of the 
humidity of the atmosphere when the bag was filled with ox3fgen and the 
burning pain when filled with normal saline The absence of support for 
the hand and discomfoit on contact of the hand with the envelope were 
also commented upon Strands of slough and exudate were suspended in 
the water but did not separate However, no hypochlorite was used, as 
Bunyan recommends 

Separation of Slough — The average time before complete separation of 
the slough was twenty-five days The maximum was tliirty-six days, and 
the minimum sixteen days This average interval is longer than one nonnally 
expects the process to take There appears to be no correlation between the 
patient’s general condition, the duration of chemotherapy, the extent of the 
burns, and this delayed separation The lelative freedom of the wounds 
from invasive infection may be of significance, as there was little pus beneath 
the slough when it was finally removed Scattered islands of viable skin, 
I to 2 cm in diametei, remained on the backs of some of the hands and arms 
after separation of the slough (color section Fig 16 d) These had not 
been destroyed secondarily by infection 

Splinting of Hands — An effort was made to hold the hands in the posi- 
tion of function but this could not be continued because of the pain. Flexing 
of the fingers put the open wounds on the dorsum under tension, and the 
patients could not tolerate’ it Flexion also caused blanching of the granu- 
lations or skin over the metacarpophalangeal and interphalangeal joints, 
which increased the danger of further necrosis of tissue and possible exposure 
of the extensor tendons and the joints Therefore, the fingers were allowed 
to remain in extension and the wrist in a neutral or slightN dorsiflexed 
position This position was maintained until operation, at nhich time the 
hand and fingers were splinted m a more nearly noimal functional position 
Piepaiatton foi Grafting — After the special casualty w-ard was dis- 
continued all dressings were done in an operating room set aside for these 
cases The use of wet diessmgs applied with moderate jircssure was con- 
tiiiucd after the slough had scjiarated The exposure of the raw sitrfnct. 
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COLOR SECTION 


Coiitatmng 16 figures {49 subjicts) i;» color to xviuch 
riferencf. has been mad* mscura! papers throughout 
the Symposium The figuris are numbered t« this 
fiitioii HI lluir (Hill Strut 1 lo a h i iti Corn 
tpnndxny tist nlalioiis <piaf\ thiir opptaruua in 
tint (/roup 




Fig I — Lungs of ease 
dead on arrival The ar- 
resting feature is tlic 
bright pink color, attrib- 
utable to carbon monox- 
ide An occasional sub- 
pleural hemorrhage can 
be seen They arc uni- 
formh distended 




Fig 2 — Lungs of Ca^c 
25 They are voluminous 
due to extensive anatomic 
emphysema The post- 
erior and central portions 
are deepl} congested 
where the tissue can be 
seen through the dense an- 
thracosis Around the 
margins of all lobes is a 
light-colored zone two to 
four lobules wide in 
which air is trapped b\ 
the diffuse lironchoste- 


nosiv 



Fn. 6 — A segment of the bronchial tree from Case 25 AH mucous mcnibraucs a-c 
intensely red In the secondary bronchi membranous bronchitis begins m spotty fashion 
In the smaller bronchi the membrane becomes continuous and frequenth occlusnc 
The pulmonar\ parenchyma is deeply congested and locally anthracotic 


Fig 7 — Bronchial tree trom Case 27 The mucous membranes are hemorrhagic and 
membrane formation is present though less pronounced than in Case 25 Clots protrude 
from the sc\ered \essels ^\hlch are, m part, antemortem The parenchima shows 
alteration of aeration and atelectasis 




Fig 8 — Posterior view of the lungs of Case 27 The basal portions of both lower 
lobes are massively atelectatic, dark red in color, depressed in contrast to the aerated 
parenchyma Narrow prolongations of the atelectatic zone extend upward to the apices 
of the lobes Another atelectatic zone can be seen on the lower margin of the left 
upper lobe 


Fig 9 — Sagittal section of lung of Case 27 Membrane formation is visible in tlic 
secondary bronchi A wide zone of dark, depressed, atelectatic tissue occupies the 
central part of the lower lobe Aerated tissue is present above and below the area The 
portion of upper lobe visible is all aerated 




Fio 10 — ^’le\\ of tlie temporarj operat- 
ing room during the initial change of dress- 
ing on Case 20 on tlie seventh da} Sur- 
geon IS reappbing boric strips to face 
Patient lias had a tracheotom} The dress- 
ings on the deep bums of the arms and 
hands are t}pical (Note bacteriologist 
in right background and the photographer ) 


Fio II a and b Case 13 — Appearance of 
circular bums of legs on tenth da} This 
was the most severely burned patient who 
surv'ucd She also had deep burns of the 
hands and arms, scalp, forehead, and back, 
total extent of second and third degree w’as 
56 per cent Note the dr}-^ slough aboie the 
right knee and the moist slough immediately 
adjacent on the lateral aspect of the thigh 


Fio II c Case 13 — Legs on the 33rd 
da} after all tlie slough has separated 
rile surface is pale and the underl} ing fat 
IS Msihlc No granulation tissue has ap- 
jieared 


A 

Fn II d Case 13 — Ftgs on 64th da} 

\ thin la}tr of granulation tissue has de- 
\ eloped There is wasting of Iwth legs re- 
sulting from the debilitating effect of 
ihromc s(.psi<; 1,1 tlip open wounds Con- 
irtctiiri I’d right lendo arhillis is present 


Fig II e. Case 13 — Legs on 71st da} 
A stnking change has occurred, there has 
been a rapid advance of epithelium from 
the margins and the granulation tissue now 
has a health} appearance This change is 
attributable to the improvement 111 the pa- 
tient’s general condition from intravenous 
feeding and repeated transfusions 


Fig II f Case 13 — Legs on Sist da}, 
tentli day after grafting There is a com- 
plete take of tlie grafts The small un- 
healed areas were not covered at the oper- 
ation 


Fig II g Case 73 — ^Legs on oist da\ 
Healing is praeticallv complete 


Fig 12 a Case S — Deep hums of the 
back at the time of the first change of 
dressing on the fifth da} The outline left 
b} the clothing is visible Note the dress- 
ings cov'cnng the deep burns of the arms 
This patient also had second and third di- 
grcc burns of the head, neck, arms, hands 
and legs , total extent 20 i per rent 


Fig 12 b Case S — Back on the tenth 
da} The slough has begun to dr\ There 
IS exudate about the margins but minimal 
evidenrt of infiamniation in the adjartnl 
skill 




Fig 14 a Case 2 — The left hand at the 
time of the first change of dressing on the 
fifth dar The outlines of the third degree 
bum arc already apparent Tlie damaged 
su])Crficial skin ot the fingers and thumb 
has not been remo\ed There is slight 
edema of the hand 


Fig 14 b Case 2 — Left hand on ninth 
day The slough has begun to separate 
'\lthough bacteria have been recovered on 
culture, there is minimal infection 


Fir 14 c Case 2 — Left hand on 13th 
da\ ^forc slough has separated 


Fn 14 d Case 2 — Left hand on ip’h 
(lav The slough on the wrist was removed 
mechamcallv , tliat on tlic dorsum of the 
Iiand IS still adlicrciit T lie surrounding 
skin is uninfected 


In 1 I c (. ise - 1 ( ft hand on 2 ()th 
(1 1 \ '1 he •-lough his been rciinned The 

extensor tendons 01 the index and middle 
fingers tre cxiiosed o\er the mclacarpo- 
jilnhneeal joint- I'x itlate is stdl nd- 
In rr nt to tin gniniihttoii- 


Fig 14 f Case 2— Left hand on 28tli 
da\ Absence of invasne infcetion per- 
mits insertion of hand into abdominal wall 
pocket m an effort to preserve the ex-posed 
tendons Note the deerease 111 cxiuLite 
ovcihmg the granulatiejiis m past two dais 


Fig 14 g Case 2 — Left hand on 28th 
day, IS in tlie pocket and the raw surface 
on the wrist has been coicrcd with split 
graft 


Fk. 14 h Case 2 — Left hand in pocket 
on 33rd day, five days after insertion Ab- 
sence of V iriilcnt infection of hand is dem- 
onstrated by pauciti of iiinainiiiation of 
pocket walls Tlicre is a narrow roiie ol 
(clluhtis about tlie opening thioiigh wlndi 
tbe index fingei enuiges 


Fig 14 1 Case 2 — Left luind on 4 ^ 1 ^' 
dav. detacbed 20 davs after insertion The 
color of the flaj) is good and the edges 
have been sutured in place (The nail pol- 
isii h,is been iirescnt since tlie night of tlie 
file) 


Fn. 14 j Case 2— Xpia innee of h iiid- 
at four months 'Hie teiidoiis have been 
p-tserved and function is returning J he 
liillne-s of the flap is dimintshiiig hut some 
nt 111 IV have to In f xciscel later 






Fii. J5 a Ldbc 2y — Second degree 
burnt, of fact and eai i> and third degree of 
ccalp cocered b.v the pnniarj oedusive 
dressing cdiich was applied on the night of 
admission Only the mouth and nares arc 
exposed but patient can breathe comfort- 
abh Patient also had second and third 
degree bums of hands and arms, total 
extent 125 per cent 


Flo J5 b Case 29 — View ot the neck 
and chest on the third da) showmig the 
massive subcutaneous edema in these un- 
burned areas This edema fluid was ex- 
pressed from the burns of tlie face and 
scalp by the pressure dressing and gravi- 
tated dowmw'ard 


Fio 15 c Case 29 — At the time of the 
first change of head dressing on the secenth 
day There is edema of the face in spite 
of the pressure dressing The remnants of 
destro)ed skin and diw^ serum are still 
present and uninfected 


Fig 15 d Case 29 — Face on ninth da) 
The edema has diminished There is still 
weeping from the skin and crusts haic re- 
formed Sonic •'kin debris i'> still picscnt 


b'l'. It c Case 20 — Final view of lave 
on tile ttIIi da\ showing (he absence ot 
"carniig and return to norm.il contour'- 
^calp healed v itho it gr.ilting thaiuF ainl 
.inn*- wen graltcd) 


Fig 16 a Case 28— \iew of the lett 
hand and arm at the time of the first change 
of dressing on the fifth day Note the un- 
ruptured blebs on the arm and the rem- 
nants of destroyed skin on the wrist and 
fingers. There is no evidence oi infection 
in these w'ounds The fluid renioied from 
the bleb is sterile and the sulfadiazine lc\cl 
in this fluid IS 6 7 mg per cent (that of the 
blood 6 6 mg per cent) Patient also had 
second degree burns of face, neck, back 
right hand and arm , third degree of back , 
total extent 24 5 per cent 


Fig 16 b Case 28 — Lett hand and lore- 
arm on 19th da) Slough is still in place 
The skin immediately adjacent is normal m 
appearance w ithout evidence of intection 


Fig 16 e Case 28 — Left hand and lorc- 
ann on 30th da) Alost of the slough ha' 
separated The granulations are edcmaloii' 
Infection is mininial 


Fig 16 d Case 28 — Appe'dranee ot tlu 
hand and forearm on the 51st da), the dai 
of grafting Note the health) appearance ol 
the granulations and the islands of Mabh 
skin in the center of the raw snriace 011 
the back of the hand 


Fig 16 e Case 28— Final Mew ol the 
hands .it three and onc-haif months 





REHABILITATION OF BURN CASES 


c»i)CCTaIh of the Iwiids painful and in sonic cases iiUrouH oxide owpcii 
anesthcsui giicn to help the iKiticnts morale h\ chminnting the i>am 
and to reduce the tune taken for the pro-rdiirc Tlic wet dressings acted 
os a keratinizing stimulus partinilarK on the areas of second degree bum 
adjacent to tlic granulations and on the advancing marginal epithelial sitr 
faces This dchns did not develop when an ointment dressing was applied 
Tlie dehns which liccainc niaccmtctl grew staphvlococci and 6aprn])h}acs 
on ailture \t each change of dressing the surtaccs were careful!} cleaned 
wath soap and water to rc<htce as much ns jiossihlc this source of contaniina 
tion of the wounds Tlie jiersistencc of infection and etlcnia of the granula 
tioiis after the slough had separated mav lie nttrihutcvl in jiart to this niacera 
tion In most of the cases general chcniotlieraiiv had licen discontmuefl 
l)cfoTc the time of grafting Oral svilfmhaiine was given to Cases 8 and 
13 both pre and postopcmtivclv and to Case 21) for the first ojieration 
PcniCTllm wais l»eing given intraniusaikarl} to Gases 2 jo 2<j nnd 3^ ^^t the 
tin>e of their first oi>erations Imt was dis-amlinncd a few davs later Ml 
otlKr operative procedures were undertaken without general chemothcrap) 
Local sulfanilamide jiowder 111 controlled doses w-as dusted on tlie raw 
surfaces preoperatively in several cases Tlic edema subsided and the dram 
age decreased vvatli this treatment more rapidl) titan wath the wet dressings 
alone. There were no losses of the graft follomng the local use of sulfa 
nihmide. 

All patients were given a high protein ond high vitamin diet throughout 
the hospital sta> In Ca‘«c 13 liccausc of inadequate mouth intake it was 
necessary to feed bj stomach tube wath supplemcnLarj dailv intravenous 
amogen glucose and vitamins Anemia was controlled bv repeated whole 
blood transfusions A total of twent) five were given Two weeks after 
this intravenous therapy vv-is started the patient s general condition and the 
condition of the local wounds had improved so much (color section Fig 11 e) 
that both 1 ^ were grafted The grafts took completely 

OPERATIVE pnOCEDOTlGS 

Anesthesia — Ether anesthesia was used in 13 of the 21 operations Spinal 
anesthesia was administered for all operations on Case 2 and was supple 
mented with sodium pentothal at the first operation and brachial block at the 
third Local infiltration was used m Case 29 and spinal in Case 36 when 
cutting the grafts No anesthesia was used when applying the grafts to the 
hands in these two cases The other ojicration upon Case 29 wTts performed 
with sodium pentothal anesthesia and one of those on Case 13 with spinal 
There were no complications from anesthesia in an> of the patients who had 
lung damage. 

Cra//in^ — Split thickness grafts* were used for covering the raw surfaces 
with tlie exception of the back of the hand of Case 2 winch was covered 
hy a direct abdominal fl ap (color section Fig 143-j) Undamaged extensor 

• The doooT arai of the Graft* were dretsed with a fme me*h gauze lightly im 
prtgnated with Karict red ourtroeot. The overlying glare iponges were held in 
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tendons of the index and middle fingers of this hand were exposed u\ei llic 
metacarpophalangeal joints for a distance of 3 to 4 cm The granulating surface 
extended from the Acrist to the proximal phalanges of the tuo fingers and 
involved most of the back of the hand In order to save these tendons Jroni 
, destruction by infection and to insure normal function 111 the future, a fiaj) 



Fig 41 — Chart of Case 8 at the time of operation on the thirty ninth day The preop 
crativc temperature and pulse curves resemble those of all the patients who had hrRC, Rnn 
ulating, surface Mounds Note the prompt descent of the cur\cs to normal after the ran 
surfaces were co\ered with skin grafts 

\\as used instead of a free graft The operation was performed on the 
tv enty-eighth day There was little surface infection and culture grew 
only coagulase-positive staphylococcus and B piotcus The raw surface vas 
gently cleansed vith soap and water, but the granulations were not disturbed. 
A pocket vas made m the abdominal vail with a large opening laterally, 
through which the hand was inserted, and with smaller openings, through 
which the thumb and fingers emerged A small raw surface j'ust above the 
vrist was covered by a split-graft at the same time The arm was im- 
mobilized by adhesive strapping One border of -the flap was severed on 
the fourteenth postoperative day, and the hand detached on the twentieth daj 
Three weeks later the defect on the abdominal wall was grafted 

A total of 1/ grafting operations were performed on the otiier eight 
patients (Fig 41) The first graft was applied on the twenty-third da\ to 
the back of the hand of Case 29. and the last at foui months to -several 
small areas on Case 13 Case 36 was grafted on the twentv -fourth dav 
Six operations were performed during tiie sixth week fCascs S. ii. -o, -,b 
2Q and 36) Two were done in the eighth (Cases 23 and 28) One wa-- 
performed in the ninth (Case 13) Two were perfoiincd in the tenth 


When llie Rrnfts were nKoi frfim die tliifli' 

rfl 

I 


place with cotton or acc hanflapc 
the whole kp was wrapped in an cncirchnp ace Imndapc MI drc'^siiips wen r< m o ^ 
hetween the twelfth and fonrtttnth day unless snnll iinhealtd areas wcr< discoiirr. 

106 


REHABILITATION OF BURN CASES 


(Cases 30 and 23) Two x\erc performed in the thirteenth (Cases ii and 
13) And subsequent!} two minor procedures ha\c been undertaken on 
Case 13 * 

At operation the raw surfaces were prepared with soap and water The 
granulations and the narrow rone of skin tliat had grown in about the margin 
were slia\cd off m all cases cxcqjt on the liands of Cases 29 and 36 There 
was a moderate loss of blood m this procedure, but the graft acted as an 
efficient licmostntic agent and a smooth firm base for it was secured Most 
of the grafts were sutured accuratel} in place but where possible a carefully 
applied dressing gn\c adequate nndiorage and sutures were not used Tlie 
grafts were perforated onl} if ooiing persisted beneath them 

All postopemti\*e dressings were applied w-ct and kept wet by imgation 
through Dakin 5 tubes A single ln\cr of fine mesh gaurc was used against 
the graft and tlie o\erI}nng dressing consisted of sponges and a thick lajer 
of mechanics w’aste held firml) m place w^th cotton bandages Sterile, 
well padded wood splints were used to immobilise the Iiands and arms after 
operation A bulk*) dressing was sufficient for fixing the ankles and feet 
but padded wood splints were used at the knees Tlie first dressing was 
done on the fifth or sixth da> after opcntion Done ointment gauze was 
applied m all cases Subsequent dressings were done on alternate da>s as 
long as was necessary 

All tlie grafts were successful except those on Cases 23 and 36 Both 
hands were grafted m each of tlicse patients Operaoon upon Case 23 
was performed cm the Hurt) seventh dav and on Case 36 on the hvent) 
fourth da) On the second postoperative day Case 23 had a plasma protein 
le\*el of 5 5 mg per cent and a hematocrit of 24 per cent, for which two 
500 cc, transfusions were given Cultures at the time of grafting from the 
left hand showed Staph\lococ<us dlbuj coagulasc negative and B proteus 
From the nght hand was groivn hcmol)*tic Slaph^lococciis aureus coagulasc 
positive beta hemolytic streptococa B proteus and diphtheroids Five days 
before operation in Case 36 the plasma protem was 8 i per cent and the 
hematoent 44 per cent Cultures of the hands at operation grew hemolytic 
Slaph\lococcus aureus coagulasc positive beta hemol)’tic streptococais and 
several saprophytes Case 23 is the onl) one showing a significant \’anation 
from normal plasma protein and hematoent at the time of operation and 
these patients are the only ones having a positive culture of beta hemohtic 
streptococcus from tlie granulating surfaces Case 23 was operated upon 
twice at biweckl) mtcrv’als before the hands were completely healed Sulfa 
nilamide powder was used localh before the second of these operations Case 
36 was gr afted again ii da)s after his first operation 

* 13 rwHved a ttemal traiufiuloo on the dav fherg 

oI tbc blood Into the tUfoei of the chest wall end the breaiU Sab»eqt>cntJy locaJircd 
tendeme**, beat, and a broored dbcotoration of the orerlyinc ildn derctoped. A 
^rte abtceif waa drained on the twelfth day Twenty-one dayi later a mWon of 
the wotmd wii necewary to give better drainage. The rejolting defect, which 
nwajared about 12 cm. m diameter waa bter ffralted. 
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PROGRESS AND RESULTS 

The burns of the extremities especially the hands, nere the Iiist surface'- 
grafted for reasons of comfoit and earh restoration of function The rela- 
tnely small areas of third degree bum on the faces were grafted as earh 
as possible for cosmetic reasons 

Ftngets — On many of the fingers there ivas a narrow zone of thud 
degiee burn on the dorsal surface Healing occuried rapidly in the two 
distal phalanges but grafts were necessary for covering the proximal phalanx 
in fingers of Cases 8, ii, 20, 23, 28 and 36 The extensor tendon of tiic 
index and little fingers of the left hand w'ere exposed over the proximal 
interphalangeal joints m Case 8 Healing is complete but there is absence 
of full extension at these joints In Case 20 the proximal interphalangeal 
joint of the left index finger w'as exposed and has remained open There 
is adequate soft tissue drainage, and ultimately sequestration of bone and 
destruction of the joint is anticipated For cosmetic leasons the fingci is 
splinted in extension Case 13 had these same joints exposed in all four 
fingers The fingers have been held m extension w'lth a banjo-splint, and 
healing has taken place w'lthout sequestration The four fingers of the right 
hand w^ere so badly burned that only the palmar skin remained viable Ampu- 
tation W'as performed distal to the metacarpophalangeal j’oints on the thirtv- 
third day This patient also had a localized deep burn over the lateral aspect 
of the thenai eminence, w'lth destruction of the underlying muscle and ex- 
posure of the metacarpal bone Spontaneous healing took place following 
debridement and free drainage 

There has been minimal thickening of the skin on the fingeis and no 
true keloiding in any of the cases 

Hands — One or both hands of Cases 8, it. 13, 20, 23 28. 29 and 3^ 
were grafted Most, or all, of the dorsal surface of these hands had to he 
co\ered (color section Fig 16 a-c) In a few of the cases epithelium from cnrlj 
spontaneous healing was not excised at operation and there is now a poor 
bearing surface easily broken by trauma In Case 2, who had the direct 
abdominal flap, the tendons were salvaged, and there is normal extensor 
function A thick la’\cr of abdominal fat is jirescnt 111 the flaj) giving .» 
bulkv apjicarance This excess fat will be excised at a latei dale for 
cosmetic reasons (color section Fig 14 a-j) 

'I'hcrc has been some thickening of the scars at the margins of the gr.ifts. 
and true keloids ha\c developed on the backs of the hands of Ca'-ts 21 and 
'riic'-c were the two jiatients in whom there was loss of the grafts and 
111 whom sccondar\ operations were performed Because of the sr.irrmg the 
back «'f the hand is tight and flexion of the finger'- and hand tcii'-is the "kin 
of the fore.irm I'urtlier correctne jiroceduns will lia\e t" he umkrt.d, <11 
in the"( cases 

Jims — Tin .aims of Casi-S 1 1, 20. and 2X w( re all grade d siui("-inlK 
(Ictod covering was obtained and there has bcdi good leowirv of iinuiioii 
V ithoiit (ontratliire Xo keloid has dcvelojicfl 
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y/m/ — tlic liacks of C'lsti, i 8 1 1 n 2o and 28 liad llmd 

degree Imnis of \inc(I extent oiil> tlwl of Case n grafted After the 
slough was ranuted Iicaltlu gnmilatiotij. apjxnrcd and spontaneous ejn 
theluation ocairred (pntc rapidi\ In the iiicantnne nil except Case i were 
Iteing trcatetl for deq) hums of the extremities Dunng this period the 
inticnts Ia\ on their liacks with \er\ little discomfort 

In tlic central nreas which were the last to heal there is keloid develop- 
ing Tins change Ims not ajuicaretl in the marginal surfaces of spontaneous 
liealing which he nearer the nomial skin No kcloiding nas occurred m the 
areas grafted on Case 1 1 OnK Cases 8 11 and 28 liavc complained of itching 
of the Imck hut these Imd cxtaisive bums (color section hig 12 a-f) 

rorcluad and Scalf * — Case 8 luad a third degree bum of the forehead 
whicli was grafted Cases 2 and 29 had bums of the scalp which were small 
and healed wnthout grafting Case 13 had Q third degree bum of all the 
forehead and right temple which cxtaidcd ixistenorl) m the left panetal 
region to an area about 12 an m diameter over tlie occiput In the center 
of both tlie foreliead and the occiput bare Iwnc was exposevl \ 4 cm disk 
of outer table of postenor skull has separated sjiontancouslv but a small 
area of lione is still exposed on the foreliead All of live granulating surfaces 
have been grafted successfulh No keloiding lias dcveloiied m tliese areas 
Cars — In Case ij there was a deep bum of the ear with exposure of 
cartilage at the nm of the helix Healing took place when adequate soft 
tissue drainage was established and niimmal loss of cartilage occurred 
AVfi — C^asc had a linear tlurd degree bum of tlie left side of tlie 

neck wliicli healed without grafting but there is a moderate contracture. 
In Cases 8 20 23 and 36 there wen. narrow bands of deep bum which 
caused no contracture but which have liegrin to keloid 

Legs — Of tlie three patients (Cases 2 ii and 13) wlio liad deep bums 
of tlic legs onl) two (Cases tr and 13) were grafted Thev are now healed 
Case 13 had extensive raw surfaces which were grafted at four months there 
are no contractures but a moderate shortening of the right Acliilles tendon 
has (levclniied no keloid lias apjiearcd (color section Fig ii a-g) 

COiOICNT 

Tlic protection of all tissue cells not destroyed Iiy the heat is the ultimate 
purpose of onj method useful in the local treatment of bums Because 
infection is a destructive process and Itecausc destmctive organisms grow 
m tmuniatired tissue it has licni common practice regardless of the surface 
agent applied to debnde all bums at the time of the definibve treatment 
The evaluation of the unorthotlox method cnvploved m this group of patients 
depends on dctemiimng whether tlic healing time was prolonged because 
the bums were neither d^bnded nor cleansed before the first dressings 
were appbe<l 

It IS well known that uninfected second degree burned mr^aces usually 
heal vnthm two or three weeks The some intenal of healing was ob- 
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served in this group of patients Examination of the wounds at the time 
of the first and subsequent dressings revealed a clean surface with no 
puiulent exudate, cellulitis, or acute tenderness The destroyed epithelial 
debris was dry and the contents of the intact blebs Avere sterile Therefore, 
it is apparent that the failure to debride the \vounds initially did not delay 
the healing of the second degree burns in any measurable degree 

In the smaller group of patients who had both second and third degree 
burns, the injured surfaces remained clean during the first tw'o w^eeks, wath 
minimal exudate and no cellulitis or acute tenderness By the end of two 
w^eeks the areas of second degree burns were epithelized and uninfected, w^hile 
in the immediately adjacent areas of third degree burn, slough w'as separat- 
ing (color section Fig i6 b) Satphylococci and the saprophytes grew' in tlie 
slough but did not invade the living tissues When removed, only a thin exu- 
date was found beneath the slough with no abscesses In the hand of Case 2 
exposed tendons were found These remained viable in the granulating 
wound and were salvaged by covering them with an abdominal flap on the 
28th day (color section Fig 14 a-j) It is appaient from these obsen^ations 
that the w^ounds w^ere free from invasive infection and that there w^as no 
measurable delay in carrying out the reparative procedures 

It seems reasonable to conclude from these observations, both on the 
second and third degree burns, that debridement and cleansing need not 
be part of the treatment Tissue resistance and general chemotherapj 
can be relied upon to prevent invasive infection However, for suc- 
cess, an ointment gauze should be used to allow serous drainage into the 
overlying dressing The surface must not be sealed by an impervious mem- 
brane or eschar Precautions should be taken to reduce contamination by 
avoiding careless exposure of the wounds at the primary dressing and too fre- 
quent subsequent changes For this reason and because all wounds in these 
cases remained so free from infection, the first change of dressing should 
probably be postponed for 12 to 14 days 

The importance of the general nutritional state in the spontaneous healing 
of burned surfaces and the preparation of these surfaces for successful skin 
grafting cannot be overemphasized Only by early skin grafting can large 
burned areas be covered and the development of contractures be avoided. 



A ^OTE ON PinSICAL TIIERAPl 

\fmiim L- TNatkixs M D 

r»0* THl BCTirTJlIXT or rH^ilCAL TBI»*nr at TWt MArttcuwm OWHAL BO*rTTAl^ KWTOB UAtt 

Six taticsts ^^ho rccci\ed se\trc bunts to the dorsum of the hands and 
wTists M-cre referred to the PIi>sical Therap) Department either while m 
the hospital or at the tune of discharge to be treated as out patients (Cases 
2 8 23 28 29 and 36) In aU cases surface healing wtis complete before 
beginning treatment Tlie first patient (Case 2Q) was referred to this de- 
partment 51 da)3 after the fire so that the maximum period of physical 
thcrap) at the time ol writing was 70 da^^s three to five treatments being 
gi\en each week There are of course no end results to be reported at tins 
time for continued iniproieinent is anticipated for the next six to twelie 
months or longer 


ilETnODS^Of’ TBEATilfSCr 

As these patients were splmted in extension t!ie aim of physical therapy 
was to restore flexion in the digital joints and wnsts also if involved In the 
one case m which a direct abdominal flap was undertaken (Case 2) there 
was the additional problem of mobilising the shoulder which had developed 
an adduction internal rotation contracture from the fixation required for this 
t>'pc of transplant ' 

During tile first fen weeks of treatment the grafts and newly cpithelized 
areas were quite thin and sensitive to very minimal trauma whether me 
chanical or due to heat Because of this a layer of lanolin was gently 
applied ov-er the new epithelium The whirlpool bath at a temperature 
of approximately 104 F was then used for a penod of 15 to 20 minutes 
In some cases the initial bath temperature slightly lower later being 
increased as tolerance developed While stiU m the bath the patients were 
instructed to start gentle slow stcadv active flexion of the fingers and wngts 
up to the point of discomfort When sufficient flexion allowed the patients 
were given rubber sponges to grasp os a form of underwater exerdse. 
After several weeks of the whirlpood bath when the epidermis was stronger 
and thicker the melted paraffin w'ax bath was substituted for it The 
temperature m these baths was mamtamed at 126 F and accordmgh 
produced much greater and longer lasting hyperemia and increased relaxation 
of tense structures In addition a thm film of oil remained after removal 
of the wax coating whxdi was an excellent lubricant for massage 

Following this thermotheiapr massage of a special type was given. This 
consisted of gentle arcular and longitudinal fnction at the junction of the 
normal and involved areas The fnction was not between the technician s 
fingers and the skin but between the skin and subcutaneous layers and the 
underlying bone tendons and muscles By this method some loosening of 
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served in this group of patients Examination of the wounds at the time 
of the fiist and subsequent dressings revealed a clean surface with no 
purulent exudate, cellulitis, or acute tenderness The destroyed epithelial 
debris was dry and the contents of the intact blebs were sterile Therefore, 
It IS apparent that the failure to debride the wounds initially did not delay 
the healing of the second degree bums in any measurable degree 

In the smaller group of patients who had both second and third degree 
burns, the injured surfaces remained clean during the first two weeks, with 
minimal exudate and no cellulitis or acute tenderness By the end of two 
weeks the areas of second degree burns were epithelized and uninfected, while 
m the immediately adjacent areas of third degree bum, slough was separat- 
ing (color section Fig i6 b) Satphylococci and the saprophytes grew in the 
slough but did not invade the living tissues When removed, only a thin exu- 
date was found beneath the slough with no abscesses In the hand of Case 2 
exposed tendons were found These remained viable in the granulating 
wound and were salvaged by covering them with an abdominal flap on the 
28th day (color section Fig 14 a-j) It is apparent from these observations 
that the wounds were free from invasive infection and that there w'as no 
measurable delay m carrying out the reparative procedures 

It seems reasonable to conclude from these observations, both on the 
second and third degree burns, that debridement and cleansing need not 
be part of the treatment Tissue resistance and general chemotherapy 
can be relied upon to prevent invasive infection However, for suc- 
cess, an ointment gauze should be used to allow serous drainage into the 
overlying dressing The surface must not be sealed by an impervious mem- 
brane or eschar Precautions should be taken to reduce contamination by 
avoiding careless exposure of the wounds at the primary dressing and too fre- 
quent subsequent changes For this reason and because all wounds m these 
cases remained so free from infection, the first change of dressing should 
probably be postponed for 12 to 14 days 

The importance of the general nutritional state in the spontaneous healing 
of burned surfaces and the preparation of these surfaces for successful skin 
grafting cannot be overemphasized Only by early skin grafting can large 
burned areas be covered and the development of contractures be avoided 



A NOTE ON rn\SICAL TUERAPA 
Arthur I*. ^^ATKl^s, ]M D 
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Six PATiLMS \\ho recci\ctl sc\ere bums to the dorsuni of the hands and 
u-mts were referred to the Plnsicol Tlierapj Department cither while m 
the hospital or at the time of disdiarge to be treated as out patients (Cases 
2 8 23 2S 29 and 36) In all cases surface healing u-as complete before 
beginning treatment “Hie first patient (Case 29) was referred to this de- 
partment 51 dajs after the fire so that the maximum period of physical 
therapj at tlie time of wnting was 70 da}s three to five treatments being 
gntn each ^rcek There are, of course no end results to be reported at this 
time for continued improi email is anticipated for the next six to twelve 
months or longer 


WETHODS^OF TBEATliENT 

As these patients were spluited m extension tlic aim of physical therapy 
was to restore flexion in the digital joints and wnsts also if iniolved In the 
one case m which a direct abdominal flap was undertaken (Case 2) there 
was the additional problem of mobilizing the shoulder which had developed 
an adduction internal rotation contmeture from the fixation required for this 
tjpe of transplant ' 

During the first few weeks of treatment the grafts and newly epithelized 
areas were quite thm and scasitivc to ^erj minimal trauma whether me 
chamcal or due to heat Because of this a la>cr of lanolin was gently 
appbed over the new epithelium The whirlpool bath at a temperature 
of approximatel> 104 F was tlicn used for a penod of 15 to ao minutes 
In some cases tlie initial bath temperature was slightly lower later bang 
increased as tolenmce developed XNTiiIc still m the bath the patients wTre 
instructed to start gentle slow steady active flexion of the fingers and wnsts 
up to the point of discomfort When sufficient flexion allowed the patients 
were given rubber sponges to grasp as a form of underwater exerate. 
After several wreks of the whirlpood bath when the epidermis was stronger 
and thicker the meUed paraffin wax bath was substituted for iL The 
temperature m these baths was maintained at 126 F and accordingly 
produced much greater and longer lasting hyperemia and increased relaxation 
of tense structures In addition a thin film of oil remained after removal 
of the wax coating which was an excellent lubneant for massage. 

Following this thcrmotlierapy massage of a speaal type was given. This 
conjiifed of gentle circular and longitudinal fnction at the junction of the 
normal and involved areas. The fnebon was not between the technician a 
fingers and the skin but betw-een the skin and subcutaneous lajers and the 
imderinng bone tendons and muscles By this method some loosening of 
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scar could be obtained without traumatizing the new slfin Massage i\as 
also given m such a way as to pull the normal skin m the direction of the 
knuckles m order to relax tension which was maximal at that point Simul- 
taneously with this stretching of normal skin the patient was instructed to 
actnely flex the fingers as much as possible. Occasionally gentle passive 
sti etching of the firmer bands of scar was done with one hand while massag- 
ing with the other The intensity of this passive procedure, however, was 
very carefully regulated to avoid tiaumatizing the new skin 

Exercises followed massage and for the most part were active guided 
voluntary motions Emphasis was placed on slow steady stretching to the 
point of discomfort and degree of skin tension thought advisable as judged 
by the blanching over the metacarpophalangeal and interphalangeal joints 
In addition to intensity, the frequency of repetition of the exercises had to 
be regulated, both during treatments and at home It was soon found tliat 
excessive movements lead to small blister formation in some patients and 
avoidance of this was an additional guide to dosage 

An important part of the tlierapeutic exercise program was teaching 
relaxation These patients unconsciously had a tendency to hold the fingers 
m complete extension and protected the hands from all possible contacts 
To overcome this habitual attitude which delayed return of function, they 
were constantly reminded to make use of their hands in a natural way for 
the numerous and frequently repeated movements usually pertaining to 
eating, dressing, gesticulating, etc As the hand is such an intricate me- 
chanical mechanism, actual use in tasks of appropriate degree of difficulty 
was further advised to inciease function, rather than relying on set exercises 
alone The occupational therapists Avere helpful on this score in suggesting 
and supervising practice work such as typewriting, knitting and light car- 
pentry Some of the patients took this lead as an incentive to carry on 
increasingly difficult manual maneuvers on their own initiative, such as 
developing and printing photographs and playing jackstones 

RESULTS 

No true end-results are warranted at this date as the physical therapy 
for these patients has really just begun It is possible, hovA'ever, to demon- 
strate the rate of improvement in function as progress has been recorded by 
double exposure action photographs 

Case 36 Avas one of the first to receive physical therapy Treatments 
started the sixty-second day, at Avhich time there Avas only a jog of motion 
in the finger joints Action photographs sIioav approximately 50 
of normal joint motion 18 days after the first treatment (Fig 42 A) and 
nearly complete flexion 35 days later after a total of 30 treatments (Fig 42 F) 
Cases 2, 8, 23, 28 and 29 had the same type of physical therapy and haAC 
made comparable progress AVith the exceptions noted beloA\ 

COALAIENT 

The most striking feature, so far concerning return of function following 
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physical therapy, was tlie slowness and difficulty in regaining flexion of the 
metacarpophalangeal joints in certain cases in spite of good healing and take 
of the grafts Analysis of these instances revealed that if the burned area 
extended beyond the dorsum of the hand and involved the wrist as veil, 
finger flexion was always more limited It does not appear likely that 
tendon involvement is responsible since wrist flexion was not limited pro- 
portionately Normally flexion of the metacarpophalangeal joints results 
in distal movement of the skin over the wrist and hand as much as six 
to eight millimeters Restriction of this skin movement which should start 
two to three centimeters proximal to the wrist is the probable mechanism 
of the prolonged finger disability 

The return of function already obtained in these patients under treat- 
ment for a relatively short period is encouraging There appears to have 
been minimal permanent j*oint or tendon injury and the prognosis seems 
good for eventually securing excellent function of the hands 



THE rnOBLEM OF BURN SHOCK COMPLICATED B\ 
PULMONAR\ D4JIAGE* 

Oliiek Cope, MJ) and FnBDERic II RniNELANDEH, MJ3 

rvn T« &OA*TvrsT or tu»cp«T or lye iiarvars mrojcai toKitDi. jun? th* nmojCAL mvica at ihx 
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The treatment of sliock of the ca5tinltje5 demands pnontj m a di5a3ter 
Proper immediate sliock therap> nia> pre\ent earl> death among bum 
casualties and also influence the future course because the fight against 
nifection depends ujicn the patients uell bong 

Tlie pulmonary lesions m the casualties of the Cocoanut Gro\c disaster 
were unexpected and complicated the care of the shock Tlie usual plan 
of action for the care of shock due to bums had to be promptly modified 
Carbon monoxide poisoning with its bright cheiT} red color of the bum 
surfaces and mucous membranes and the inflammation of the burned longs 
and airwa\8 were quicklj detected but there was a dcla> in recognuing 
that the resulting anoxia was the cause of the mania in some of the patients 
Dr Beeclwr m hts article deals with the problems of anoxia In tins article 
we detail the modificapons deemed necessary for the care of the bum shock 
A disaster dose to hospital foaliUes offers the ideal arcumstances for 
the care of shock For the prevention of shock is more effective than its 
treatment when once it is eslabhslicd Tins is particularly true of bum 
casualties where llte shock except for the primarj phase due to pain and 
exposure has a longer latent period tlian shock from hemorrhage The 
Cocoanut Grove night dub was suffiaentl) close to the Massachusetts General 
Hospital so that all the casualbes armed within two hours of the onset 
of the fire The shod^ that had been suffered bj the Ume of arrival was due 
not to bums so much as to the anoxia exposure and pam. The steps taken 
m the treatment of shock were as follows 

Control of Poitt — ^Each pabent immediately upon adnussion w-as given 
an mjeebon of morphine This procedure roubnc in the treatment of 
bums, IS based on the concept that prolonged pain m itself leads to 
shock That a few of the patients received on oierdosagfc from a mistaken 
idea of therapy is emphasized b> Dr Beecher 

That pain may exert an sddjtlonat and indirect InfloeDce cm ibock b jllcatrated 
by Caae la a ytmng nayal officer One of the earliest paUentJ to aiTi?r, he walked in. 
There wai a delay before be recaved the niorphlae. The pain m ha hand* was *0 
hrtejue that be wai tmable to be down but Jumped up and down oo the floor waving 
hlj hands. Twenty fhx boun later be died of the pulmonary complication. It u a 
quertion whether thii initial excessive ph^'Sical exertjoti may not have faKreased the 
ptdinociary edema. It Is a common belief as a resolt of expeneoces In the last war 
that exerbon precipitates the onset of pttlmonary symptoms and edema following 
phosgene Inhalation. 

* The woric described in this paper was done under a contract, recommended by 
the Commlftce on Medical Reseai^ between the Ofiice of Scientific Research and 
I^erelopcDent and Hamrd Univenitjr 
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General anesthesia was deliberate!}' omitted as part of the treatment 
of the casualties since it has a deleterious influence m patients m impending 
shock The surface treatment, with no debridement and no cleansing, uab 
planned with this m mind 

Munmnui of Mampiilation — Every effort was made to reduce manipula- 
tion 111 the care of the patient Rolling a patient over abruptly tends to 
disturb the vascular equilibrium witli which he is responding to the dnninisli- 
mg blood volume But one shift of the patient was made, from stretcher 
to bed All subsequent procedures uere carried out in bed Had de- 
bridement and cleansing been performed it would have necessitated a transfer 
of patient from bed to operating table and back, as well as the manipulation 
incident to the debridement 

Plasma Thetapy — All except ten of the patients vere given plasma in- 
travenously Of those receiving no plasma, five had minor pulmonary com- 
plications and no surface burns, and were discharged from the hospital in 
the first few days (Cases 9, 10, 21, 30, and 31) , the other five had minor 
surface burns and various degrees of pulmonary signs (Cases i, 3, 5, 15, 
and 24) Because of the inevitable delay in the thawing of plasma in the 
blood bank, the early arnvals did not receive plasma promptly, whereas the 
later arrivals had plasma lunning into their veins within five minutes of 
entr}' Plasma therapy was deliberately withheld from the patients with 
early signs of pulmonary damage and no, or minor, external burns To one 
patient, (Case 6) with no external bum but severe pulmonar)' damage, one 
unit of plasma was given later m tlie night 

The initial dosage of plasma was determined on the basis of the surface 
area of the bums * For each 10 per cent of the body surface involved, it 
was planned to give 500 cc in the first 24 liours Because the plasma de- 
livered by the Blood Bank during- the first 36 hours was diluted with an 
equal volume of physiologic saline solution, the patient was to receive 1000 
cc of fluid for each 10 per cent burned 

The plasma dosage was modified subsequently on the basis of repeated 
hematocrit and serum protein detemnnations The hematocrit readings 011 
blood taken in the tliird hour after entr}' w'ere available by 3AM of the first 
morning The rate of plasma administration w'as increased in the patients 
showing hemoconcentration Four additional blood hematocrit and protein 
determinations were made m the first 24 hours Three determinations were 
made m the second 24 hours , tw'O m the third , and daily thereafter as in- 
dicated No attempt w'as made to apply a formula to the hematocrit reading 
to detemime the dosage of plasma needed, it was simply run in faster when 
hemoconcentration was piesent The same basic formula of surface area 

No attempt was made to judge the amount of jilasnia which miglit lit lo''t from 
the circulation into tlic damaged pulmonary tissue That tlie lungs accounted ffw some 
of the plasma lost is indicated b\ the fact that those lungs evamiiiLd iHistmortem h\ 
Drs Mallon and Bncklei weighed nearlj one kilogram more than an aier.ige pair 
of normal lungs 
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WR5 adliered to * Onh two patients (Cases 4 and 30) showed a lieinatocnt 
rcadnig beJnw nomiaj in tJie first 34 hours 

The rcbults of this intra\enou5 plasna saline Uierapv were apparent!) 
vatistactor\ lu tlie initial 12 liours Althougli forms of shock certainli existed 
little or no bum shock was encountered t No patient died in the first 12 
hours (Tlic unkaiown number who died inimediatel\ at the entrance from 
sufTocation arc cxcludcti ) Tl>c sc\cn deaths counted occurred from 13 to 
(\2 Jionrs after admission and all were considered to ba\c been caused by 
pulnionar) damage and anoxia 

Little or no henKxxinccntration as judged bv the heniatocnt and scnini 
protein occurred in the patients with the most cxtensu'c surface bums For 
example in three of dicsc patients (Cases 13 20 and 34) the highest recorded 
benatoents were ^3 ^5 and 54 per cent The heinatocnt of a scaTrelv burned 
female (Case 8) did reach Pj per cent the higlicst recorded figure 

Unsuspected hemoconcentration appeared m patients wath pulnionan 
damage and lesser external bums The hematocrit of two of these (Cases 
3 and 19) reached ^5 and ^0 per cent This discrepancv was undoubted!) 
due, in part to the fact that more attention was paid to prompt plasma admin 
istration to tlio^j who were seiereU hunted It is exadence on the other 
hand of the earh loss of plasma into the damaged pulnionan bed 

All jxitients diowang a severe degree of the t)-pical bum pattern bums 
of the bead and lands developed hemoconcentration and eventuall) required 
more plasma in the first 24 hour penod than bad l)een calculated b) the 
surface area fonnula. ^fassive edema fomied beneath the deep bums of the 
face and scalp in spite of the pressure dressings The edema fluid was dis 
persed downward to the neck and over the shoulders and chest Apparentlv 
m the deeper hums there was a corresponding!) deeper damage of the 
subcutaneous capillan lied watJi an increasing extravasation of plasma into 
(he loose areolar Pssiies beneath face scalp and downward into the fasaaJ 
planes of the neck In tl>c mild bums of tlie face, such massive edena did 
not occur and hemoconcentration was not excessive. 

the Iiemitocnt rcadmg wai 60 per cent or orer three tmiU of platnu uttc 
pnm In the four bemn before the nett bematoent readflig Ii tJte henia oent wai t:5 
to 50 per cent two imili were mjected. it 50 to 54 per cent one nrut 

t Bum jhock i* defined u I<n\ blood preisure *hock, mth hemocoocentration and 
diminighed blood volume dttc to Io*< of plasma fluid into tlie bam area. Blood prrsiurcs 
liekm 100 mm Hp were recorded on several of the patienti In the first i_ hours One 
man (Case a6) entered with a blood pressure of 80 mm- He had been ipraved vnth 
vi’ater and was chilled. Hli pressure recovered spontaneously wrthin jo minutes The 
Moman (Case 2) wbo had seixre anoxia In the first sei'cn hours m doe to an 
overdose of morphine, and who received artificial respiration through an intratracheal 
tube, shoued an irregular blood pressure curve with several systolic readings below 
V) and one of "td (She developed auricular fibnlliUcn) The other patrents with low 
blood pretiurcj exhibited them for the most part for only short penod Dr ^ob, 
veeJong to mrestigate shock, was unable to find a patient with a sufficiemly low pressure 
for a long enough time during the firs night to make study \orlh whDe. Bfood pressures 
were recorded during this trmc In all exceiit two pabenti (Cases 13 and 34) 
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In spite of the possible inadequacy of the surface area formula when it is 
applied to burns of the head and scalp^ this formula has much to rec- 
ommend it It IS true that different degrees of bum may result m different 
amounts of edema but it is still true, roughly, that the amount of plasma 
fluid lost from the circulation into the tissue spaces is proportional to the 
area of the burn The formula is simple to calculate and can be done rapidly, 
facilitating the handling of many patients No blood determinations aie 
necessary and it can be applied when laboratory facilities are not aA^ailable 
The complicated formulae of Harkins,^ and Elkinton, Wolff and Lee’ are 
not satisfactory^ merely because laboratory determinations and calculations are 
necessary in order to apply them 

There is a fundamental difficulty to the use of these formulae and also 
to that of Black These three formulae tell at the specific moment the blood 
determination is made how much plasma is required to bring the plasma 
volume back to normal within a short mterv^al They do not allow for 
the amount of plasma that will leak out of the circulation over the ensuing 
liours If one of these formulae is applied soon after the burn,- when the 
patient has just entered the hospital, and but little hemoconcentration has 
occurred, an inadequate amount of plasma will be given On the other hand, 
if the formula is applied when the maximum edema has already occurred, 
an unnecessarily large amount of plasma may be injected, for at that time 
the rate of plasma loss is diminished Any formula made on a given blood 
determination must also take into account the expected loss m the hours 
to come and this can only be estimated on the basis of the surface area burned 
A combination of the two methods is the best 

A difficulty which was partly anticipated but not adequately solved m 
these patients Avas the problem of the amount of plasma and intravenous 
therapy required by a patient Avith pulmonary damage After the arrn^al 
of the first 15 patients it A\as obAoous that some type of pulmonary patholog) 
was present At first sight, it AAas thought that there must have been an 
explosion and that the pulmonary damage A\aS due to the blast The m- 
traA’^enouses of saline and glucose solutions aaIucIi Avere already running into 
the patients AAere sloAAed to a minimum A\hile aAvaiting deliA’ery of the 
plasma from the bank This AAas done m an effort to preA'ent the appearance 
of pulmonary edema m the damaged lungs * Already several casualties, 

* Both sodium chloride and plucosc are freclj diffusible through the capillar} 
wall in contrast to the plasma proteins A\hich are onl} partial!} or slo'vh diffusible 
In the area of a burn or chemical inflammation, the capillary permeability is incrca'-cd 
and plasma proteins pass out more freel} into the extracellular sp.accs along with the 
Asatcr and clectrol}tes to form the edema fluid Saline or glucose solutions, b} raising 
ulood pressures in burned patients, tend to A\ash more plasma protein out into the area 
of injur} and increase the edema Since onh a portion of the plasma proteins leak 
out of the capillar}, an injection of plasma is more efficient than saline in maintaining 
blood pressure in burn shock and if gnen slowl} will not cause as rapid a formation 
of edema 
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olniousU sulTcnng from ajioxia liad died wthm niinutej after thar arrival 
\s caaualties im\cd nlio wen: able to serve as reliable witnesses it became 
clear that there liad been no explosion that only imtatmg firraes and heat 
were the cause of the pulmonary inflammation t 

In spite of the carl) signs of pulmonarj damage, plasma n-as gi\en to 
owst of the patients CaLli patient n-as watched carefully and it was with 
held from those who on the basis cither of the mildness of their surface 
bums or lack of hemoconcentration apparcntl} did not require it With the 
progression of pulmonar} signs howexer niore caution w’as exercised After 
three patients had died mtli signs of pulmonar} edema the policy of allowing 
a certain amount of hemoconcentration to persist was resolutely adhered to in 
all patients wnth lung damage The hematoent readings were maintained 
around 50 per cent 

WTiclher the dehxdration regimen was of benefit is questionable. It was 
not suffiaentlj sex ere to climinale kndnc) function and perhaps xx'as of no 
detnment On the other hand four more patients died xvnth signs similar 
to those of the earlier three In three of these latter patients postmortem 
examination rexealed damage incompatible xxith life due to tissue damage 
in the bronchioles rxther tlian to edema It is still an unsettled point but 
if xxc were faced xxnth the same condition again x\t xvould probably allow 
a little hemoconcentraticm to persist throughout the penod of progrtissive 
pulmonar} signs. 

Normal kidne} function xras maintained m all but three patients m spite 
of the hemoconcentration whicJi xx-as alloxvcd to the patients xxith pulmonar} 
complications Normal Indnc) function is assumed when the blood non 
protein nitrogen was xxithin normal limits the unne volume adequate and 
the disappearance of hemoglobimina and albrnninuna at the end of tw*© 
weeks No renal function tests were performed 

The nonprotein nitrogen of flic blood was determined darl} from the 
second through the fifth daj in all patients xvlio remained m the hospital and 
then exerx other da} or as indicated Nonprotem nitrogen values above normal 
were recorded on six patients In one patient (Cose 38) who vomited nearly 
everything taken by mouth for the first six da}S abnormal nonprotem nitro- 
gens of 51 and 62 mg were recorded on the third and fourth days. In tx\-o of 
the patients who died on the third dav (Cases 25 and 27) the nonprotem 
nitrogen rose just before death to 64 and 78 mg These arc the three 

From the tune potnt of view the phyilologtc nlrae wltrtron u*<d In equal Tolume 
to dilute the plaina wa» omitted after the first s6 houn. Fifty per cent glucoie rra* 
'nUtftoted, fo cc for each 150 cc. of platma. In order to maintain the free flow of 
the ptaama. (The flow of nodilnted ptamu b ihiggbh.) 

t The trtnUarity of the ptilmonary intn* encountered in thli diiat*eT to tho« of 
the Cleveland Qlmc fire of 1920 xni not at first apparent We had thought of that 
cataitTophc as unique tod that with the change in chenucaJ composltxon of roentfent>- 
Xraphk films similar irritating poisonous nitrogen gases would not agam be encountered 
fa ciTlllan life. The diiucal course of these patients was also comparable to that seen 
fa soldiers following phosgene inhalation in War I 
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patients considered to have had diminished renal function Two of these 
three patients had additional signs of abnormal kidney function Case 38 
snowed albuminuria and Case 27 both albuminuria and massive hemoglobin- 
uria In Case 25 the urine findings w'ere normal 

The other three patients m whom an elevated nonprotem nitrogen was 
recorded were Cases 4, 8, and 36 In Cases 4 and 36 the nonprotem 
nitrogens were elevated on a single occasion, 62 and 44 mg , respectively, 
on the fourth day The hematocrit and serum protein detennmations on 
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I'lG 4^ — The occurrence of albuminuria 
m 34 jiaticnts 


Fig 
nu-n in 


44 — The occurrence of hcmoplohi 


both of these patients were normal on that day The final abnormal non- 
protem nitrogen reading was 51 mg m Case 8 on the seventeenth da\ . the 
hematocrit was 35 per cent and the serum protein 73 mg Tlie patient 
Iiad receued a transfusion the day before and received another on each 
of the next two da}s because of the low ox}gen cariwTiig capaciti of the 
blood In none of these three patients were there other signs of abnormal 
kidnc\ function such as albuminuria, hemoglobinuria or dimim‘=;hed unne 
\ olunie 

Albuminuria occurred m 12 patients, sec Figure 43 'I'liis nicludes 
one of tbc patients who died Xo patient showed albummun.i after 
the second week It is noteworthy that the period of albiiniimiria coincirlts 
with the period of resorption of edema of the burns It cannot be cn- 
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eluded ho\\-e\cr tlmt the protein of the cdciiw fluid is nccessanl) excreted 
tn the kidnc) ns albimini for se\cnl of the patients wth niassne edana 
exhibited no albiinnnun'i * 

Tlierc wns no absolute correlation lictwceii the nlbiinnniim and the t\-pe 
of lesion It appeared in six of the nine patients sunmng mtli extensne 
bums and in out wlio did not It was found in the prl ^ith pulmonar} 
damage and no external Imnis (Case 6) and in three patients \nth minor 
bums one of whom was jaundiced It also occurred m a nun with moderate 
bums and pulmoiun danugc 

Hemoglobmuna was recoixlwl m nine patients In one who showed a 
mild degree it wns prolaliU caused b) the sulfadmiine for tlicre were con 
comitant crystals and tins patient alone of the nine did not show ilbummuna. 
In the other eight no sulfadiazine cnstals appeared dunng the penod of 
hemoglobinuria. In theyc eight tlic time mcidencc was mucli the same as 
that of the albumimina (hig -t-t) 1 uc of the eight had niassue lienio- 

globinuna the unne was grossh dark hromi to ^lnl05t black One wlw lud 
It (Case 27) died on the third <la\ Tlic other three showed onl) slight to 
mild amounts of hcinoglohiiiiina anil it is possible Ilut m these the sulfadiazine 
nu) ha;e l>een the cause except tlut the hemoglobmuna ceased cien though 
the sulfadiazine was continued Since hut one of the group died and none 
of the sunning patiaits lias sliown aii\ clinical endenee of impairment of 
renal function henioglohmuna /*<t sc doe* not neccssanl\ result in renal 
damage. 

It IS probable tliat the hemoglobintina in the patient who died was a 
coinadencc rather than a contnimting cause of death At postnwrtcra 
examination of this patient the kndnexs were found to be congested wnth 
occasional petechial heniorrliagcs but there was no <r\ idencc of renal damage. 

Expenmental c\ndence is acainiuhting to show that the Iner pla\s 
an important role m the IkkU s compensation to shock An examination of 
liver function therefore follovnng a slioclnng procedure such as a bum 
ma} be of importance in deteniiimiig the character of a patient s response 
Measurement of the proUirombin tintc was made on all patients on the third 
and fourth dar and siibsequentK in a few in onh three patients was tlie 
time prolonged In one man who was severcU burned (Case ii) on the 
fourth day the clotting time was 30 seconds tliat of the control 20 These 
identical findings were recorded on Case 32 on the same da\ on the 
following dav she ivas jaundiced with n vzn den Bergli of 7 3 nig Tlie 

■ The coincidence of albamkitina and re»orptioo of edenu is a itronff point in 
favor of the protein of flie edema floid bemg the soarce of the albumin. Dr Zamecnik, 
at this hospital has determined Increased peptidase activity m human bleh fluW 
from bum blebs and in Ijirrph fkiw-mg from the burm of do*:^ Pepudasei might oiler 
the protems of tlie edema fluid in such a >^•*v that they vi-oold be e-xcrctcd bv the 
kidnej rather than rcntflued That the greater portion of the extravaiatcd protein 
Is made me of m tl>e organism rather than excreted is pro\cn by the dccrea big 
ercTcUon of mtiogcn bj the kidnev durntg the penod of resorption of edema (See 
ITdrogen Balance nnder iletabolK: Obscryattoni) 
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third patient A\ith an abnormal prothrombin A\as Case 27, ^\ho on the third 
day, the day of death, had a time of 36 seconds, the control 24 

The patient recorded above with the elevated van den Bergh vas the 
sole patient exhibiting jaundice She had had a severe and prolonged 
anoxia resulting in damage to the central nervous system. The initial 
attack of jaundice disappeared completely in a few days but a month later, 
when she was receiving no sulfadiazine, she had a recurrence of jaundice 
with a palpable enlargement of the liver This attack also subsided but 
not until after two -weeks The origin of this jaundice and hepatitis was 
undetermined It can be postulated that it was initiated by prolonged anoxia 
Hemolysis w'as observed in only one patient (Case 34) She was ex- 
tensivel}^ and deeply burned with large areas of charred skin She died on 
the second day The origin of such hemolysis is not clear It is possible 
that it IS the result of the actual heating of the blood present in the tissues 
at the time of the burn * 

Intestinal ulceration and bleeding are common sequelae of burn and other 
forms of shock The origin of the lesions w'hich give rise to the bleeding 
IS not clear It is possible that they are the result of anoxia of the mucosal 
surfaces due to capillary stasis The stasis may be due to hemoconcentration 
w'lth increased viscosity of the blood -or to diminished blood flow following 
arteriolar constriction Arteriolar constriction and diminished blood flow 
are known to occur in various parts of the body as compensation for the 
diminished circulating blood volume and are an effort on the part of the 
body to dimmish the capacity of the vascular bed to make up for the 
shortage of available blood volume 

In either case the incidence of intestinal ulceration and hemorrhage might 
be considered an index of successful shock therapy Figure 45 show’s the 
number of stools wnth a positive guaiac test None of the stools was grossly 
bloody or tarr}’ It is interesting that Case 38, with the prolonged Aomiting. 
did not show’ blood Those which were positive for blood were found in 
patients with all of the different types of lesions The largest amount of 
blond recorded was in Case 20, w’ho showed a — 1 — }- test on the scicnth 
day At this time the hematocrit was below’ normal and w’holc blood 
transfusions w’ere subsequently required She had extensnc deep surface 
burns and it w’as not believed that the loss of blood m the intestinal tract 
sigmficanth’ contributed to the progressive anemia 

An unexpected finding of interest was the occurrence of alkalosis in 
two patients On both the third and fifth da\s. an arterial puncture was done 
on Case 6 the }oung girl with piilmonarj lesion and no surface burns 
The /^n’s were 7 63 and 7 40. and on the first blood the CO,, was 30 3 m cq . 

* In tlic CNpcnmcntal laboratorj \\c ha\c Icanictl to a'iswiatc hcniotj';!'; mlti hic 
cc\cn‘\ of the burn ^ Hcmoljsis is not encountered in dog'? witti bot natcr burns o 
tlic extremities nhen the temperature of tlic water is less tban 100 C or wbdi 
at 100" C it IS applied for 15 seconds or less \t 100" C it appears if the burn is 
for -D seconds, and in\ariabK if tbc burn is 30 seconds or longer 
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and the owgen content 17 \ols jwr cent On the second blood tlie sodiuni 
was depressed at 138.6 ni eq whereas the other hndmgs were normal 
Total 1525 m eq calcium 9.0 nig chlonde loo nieq pho^pliate 4 ^ 
mg phosphate 4 3 mg and hemoglobin 12 7 Gm 

A second patient (Gise 13) with both cxtensi\e M^^crc skin bums and 
moderateh se\*ere pulmonan complications showed an alkuloMs ns well 
as an anemia on the fifth da\ An arterial puncture was made to determine 
the orvgen content liecause of the falling licmatocnt and progressive anemia 

STD01. cxAMiNATioM-es PATinrrf 



The hematocrit was 38 per cent hemoglobin 94 Gm and f<n 747 non 
proton nitrogen 34 mg the total base 147 m eq sodium 133 m eq cikiimi 
93 rag clUondc 97 irteq CO3 content 28,5 ni eq pliospliate i 7 mg Tlie 
phosphate was low presutnabi) because the patient liad eaten recently 
The oxygen capacit> was 14.6 yol per cent content 13 i vol per cent or 
a saturation of 89.8 per cent 

The alkalosis m these patients yyas due presumablj to the sulfadiazine 
therapy * and not to the pulmonary coniphcatioii For the probable ongm 
of the progressiye ancraia sec below under Afamlmanee of Nulnliou 

Oitnwthtrapy — Chemotlierapj to effect bactenostasis is an integral part 
of the modem treatment of bums At tlic moment the sulfonamide prerv 
arations prevail unfortunately they occnsionallv lead to untoyvard results 
and disturb organ function and metabolism Since the maintenance of nomial 
bodily function is part of good shock thcRip> an> discussion of the treat 
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meiit of shock in burns must needs include chemotherapy It has been pointed 
out above that sulfonamide tlierapy leads to a loss of base and to alkalosis 
but this IS apparently of little import It is the kidney and liver damage 
which occasionally occur even without overdosage which are of greatest sig- 
nificance 

The relation of infection to shock in burn patients has been but little 
explored scientifically Our present clinical impression is that infection is 
often culpable It is possible that the shock, even as soon as in the late 
hours of the first day, is in part due to the toxemia of bacterial infection 
Certainly m later days infection supersedes in responsibility all other factors 
The malnutrition and anemia (see under Maintenance of Nutrition) are al- 
most certainly of infectious origin 

There is also a reciprocity betw^een shock and infection In sliock, due 
to a disproportion betw^een the available circulating blood volume and capacity 
of the circulation resulting in decreased blood flow to tissues, anoxia inevitably 
develops It is w^ell knowm that certain organisms, including the beta 
hemolytic streptococci, multiply faster in even slight degrees of anoxia In 
burn w'ounds, therefore, m wdnch an}^ degree of anoxia exists, organisms 
multipty more rapidl}'- and infectious toxemia develops relatively early 

Such thoughts only emphasize the importance of minimizing bacterial 
contamination of the burn wfounds by immediate coverage of tbe surface,^ 
Maintenance of Niitiition — In the treatment of burn shock ever}' eflort 
should be made to administer the necessary fluid and protein through the 
gastro-intestinal tract Patients wnth less than ten per cent of the body 
surface burned, particularly if mildly, and if they are not nauseated nr 
vomiting, may be treated by this route They should drink readily digestible 
fluids with a high protein content Milk and milk products, high protein 
bouillons with amino-acids added are such fluids Warning should again 
be made that if there are deep burns of tlie face and scalp, particular!} if 
there are acute pulmonary lesions as well, there may be an uncxpcctedl} 
great loss of plasma volume and intravenous plasma therapy may be re- 
quired Ten of the patients, some w’lth mild burns, and some with pul- 
monary damage only, w'ere treated entirely by mouth 

High protein therapy by mouth is not sufficient A caloric intake suf- 
ficient for maintenance is advisable It is probable that a moderate cnrboln- 
drate intake is required for normal liver function 

Attention to the necessar} accessor} food substances is also impcratiie 
Ml of the patients recened large doses of the Mtamins both as n.atural 
and sMitbetic substances, from the first da} In some, these subcfanccs bad 
to be gnen intra\ enoush It is to be remembered that iiaticnts with sticre 
inirns c\cn with minimal infection. ha\c feicrs, that their mefabohe rati'’ 

" 1 l)c nv.uInbiliU of «ulfoinmKU“; to ihc Inirii wound !it- Ikiii ron'inU rid in i 
Iir<\ion>. inner on llic <;nrf.nrc trtalnnn* Sulfoii.iinidt. Icvils in IiUli Hind win rnordtd 
on five imtiLiUs tCisi. 17 lO :io 2S .niid -?S) LcnK tof.tlur wuli tin 
tilood k\tl<; nrc .nvnilalilc in the protoioP 
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are tlicrcforc clc\‘ntc<I nnd their rcquirciiiciits botli for total calones and 
accessory siihstanccb arc incrcasetl hor the patients witli more 'iclue in 
fcction this IS the more true 

None of the patients (le^clo{^e<l cluneal signs of a Mtanun dcfiaenc} They 
were not weighed on entn hut of the ii patients with sc\ere bums who 
stir\n\ed, almost all lost some weight and two lost a verj considerable 
amount (Cases ii and 13) 

Constant attention was paid to the dc\clopment of the initial signs of 
anemia. None of the patients with second degree hums dcicloped chnicalh 
significant ancniui and none recei\c<l therefore a whole lilood transfusion 
except the woman in whom anoxic damage to the central nenous s>stcm 
occurred Eight of the ten patients with third degree bums who 5ta\ed 
at tins hospital until healed recei\ed Irinsfnsions for anemia. In three one 
transfusion sufTicciI Another tlirec patients received three four and five 
transfusions each Tlie ntost seiereh btinied patient to sunne (Case 13) 
received in all 25 whole blood tmiisfiisions of 500 cc W^th this latter 
patient we facetl diffiailtics 

Her bami were k) ettensux ami titc change of dmvingj >0 palnfal that eodlesj time 
was con iu med h clearing the areai of dead twoe. From the fifteenth to forty fifth day» 
efimu were made to cliange all of the dretiings at one tune and general aricsthnla 
waj rcvpiired each lime tJie drei^ing wav done The patient wst natueated for each 
following 24 hours Tlic nutnttonai status of the patient suffered ami her counge 
failed. Intravenoov ammo-acid mjeeiioiis as well as whole blood transfusions were 
given by femoral vein, (A smgle vcm m one arm wws the only other available vcm 
h an extrcmitj) It was not umil tlie drev-sliigv were aisigwd to a single team to be 
done withoot general anesthesia for lesser areas at one time that the paticrls 
ntrtritioTEil status improTed Witli the advance In general health, epithelial probferatson 
across gramilating areas heenme oln-tous and grafting was possible. 

This patient presented psvcbotic tendencies and it was not until a rapport was 
retched between the patient and Dr Camion and liis two uitem assistants that mastery 
of the nutritioful state was achieved. The rapport was abetted by the withdrawal of 
other physicians who previously had had lunsdfctioo over aspects of her care. TTie fm 
portaDce of the psyclKilogic factor m the production of good digestion cannot be too 
strongly cmphaslied. All too frequently where there are many doctors, eacli re 
sponsible for a different aspect of the patients regimen the patient is nnable to 
find 00c phystdan to whom she can tom. 

Adrenal Cortical Cxtrait — Extract of the adrenal cortex containmg tlie 
active pnnaple of the gland has been recommended m the treatment of 
bum shock ® • The predominant signs and jymptoms of adrenal cortical 
msuffiaenej both in man and animal ore those ot shock Among otlier 
findings there arc a low blood pressure liemoconccntration and an elevation 
of potassium and phosphate in the blood Such findings are also characteristic 
of shock appearing after trauma bums intestinal obstruction and sometimes 
sewere mfeebon 

The problem of the relation of the adrenal cortex to bum shock has been 
under mvestigation m the Surgical Research Laboratory dunng the past jear 
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It has been found that in adrenal msulficienc} in tlie dog there is a gen- 
eralized increase in capillar}’- permeabilit} This increased permeability is 
reversible by the administration of adrenal cortical extract ~ In the dog there 
IS also an increase in capillary permeability in the experimental burned area 
as has been demonstrated by Field, Drinker and White,® (1931), and more 
recently by Glenn, Peterson and Drinker® (1942) In our laboratory this 
increase m permeability has been shown to be localized to the region of the 
burn Only rarely does an increase in the nonburned area develop follow - 
mg prolonged shock Efforts to decrease this abnormal penneability by large 
doses of adrenal cortical extract have failed Although under different 
experimental conditions it might be possible to influence the abnormal 
permeability induced by a mild bum, certainly the adrenal cortical hormone, 
judged by these experimental results, w’ould appear to have little practical 
usefulness in bum patients. 

From 4 ime to time, in this hospital, selected patients wnth burns have 
been treated with adrenal cortical hormone in the effort to evaluate this 
substance. No unequivocal benefit has been obtained from its use Tw'o of 
the patients of the Cocoanut Grove were selected for adrenal cortical therapy 
(Cases 34 and 27) Both of these patients had extensive surface burns and 
pulmonary injury. 

On the afternoon of the first day, when it was clear that Case 34 had 
severe pulmonar)'- damage, adrenal cortical extract (Upjohn) w'as started, 
50 cc were given intravenously over a one-hour period. The patient’s blood 
findings before and after receiving the extract are given in Figure 46 She 
had already received eight units of plasma, and only a minor amount of 
hemoconcentration had occurred. She ivas selected for extract therapy in 
the hope of decreasing pulmonary edema by reducing the capillary permea- 
bility m the pulmonary bed 

The patient died six hours after receiving the extract The course had 
been progressn'ely doivnliill, wdth increasing anoxia in spite of oxygen ad- 
ministration There was no clinical evidence that the patient had benefited 
from the extract Admittedly, the patient’s disease was profound and this 
w'as a rigorous test for any mode of therapy 

The second patient (Case 27) was also started on extract therapy on the 
first da\ , 14 hours after the fire The blood detenninations, before and after 
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C'jtroct are pivcn in Figure 47 Before and during the extract tlierup) 
tlie patient rcccncd eight units of plosnia Oier a penod of 14 hours 
70 cc of extract were gnen She died 35 hours after the last injection 
of extract Dunng that jienod she receded an additional fi\e units of plasma 
Tlic nonprotein nitrogen whicli was 2S mg at the time of administration of 
the extract rose to 90 mg before deatli 

Tins was another se\cre test for adrenal cortical extract The patiait 
had extensue deep surface bums and pulmonary damage anoxia persuted 
in spite of an oxvgen tent This patiait too was chosen to treat mth extract 
because of the puhnonan lesion in the hope tliat the extract would dimmish 
capillar) pennealnlit) in tlie lung bed and thcrebj reduce tlie edema There 
was no eiideiice either dunng or subsequent to the administration of the 
extract tliat the edenu was less or the aeration of the blood better 

The (lifTicultN of chnicalh ci'aliiating such a substance as adrenal cortical 
honnone m the thcrap\ of bums or other fomis of shock is apparent from 
tlie expenence w ith these tu o patients of the Cocoanut Gro\ e disaster There 
were other patients wntli apparenth as se\ere pulmonar) injun or as 
extensile surface bums who sum\c<l wnlhout the administration of adrenal 
cortical extract Had the two {lalicnts to whom the extract was admimstertd 
sunned 11 ivould ha\c been as \rrong to asenbe their summl to the adrenal 
hormone as it would lie to mcruniintc the liormone as the cause of their 
death There is no clinical c\n(lcnce that the honnone m an) wa) influenced 
the coarse of the disease. 
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COXCl-UBIONB 

The pulmonar) lesion m the casualties of the Cocoanut Grove disaster 
unexpected and complicated the care of shock Since such lesions ma\ 
m anlian as well as mditarj disasters, it is \vell to be prepared 
to meet them. Tlie treatment of bum shock usually a straightforward prob 
lem of maintaining an adequate plasma >olumc had to be modified m an 
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ellort to prevent excessive pulmonai y edema Anoxia, not ordinar\ surgical 
shock ^\as the primary concern 

It was fortunate that a treatment of tlie burn surface had been chosen 
in advance whicli pei nutted a maximum of attention by the personnel avail- 
able to the problem of shock Plasma therapy uas prompt and clfective 
There Mere no deaths m the first 12 hours The seven deaths that occurred 
took place within 13 to 62 hours and were the result of the pulnionarv 
complication 

An effort was made to dimmish the edema m the damaged lungs by 
allowing a mild amount of hemoconcentration to persist 

Massive edema, out of proportion to the surface area involved, may occur 
beneath deep burns of the face and scalp Tlie use of the various formulae 
in computing plasma dosage is discussed 

Hemoglobinuria occurred m eight patients , one died wnth no anatomic 
evidence of renal damage The other seien have survived wnth normal 
kidney function 

Adrenal cortical extract did not affect the pulmonary edema or the 
general bodily function of the tw’o severely injured patients to w'hom it w'as 
administered 
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A NOTK ON THE JiLOOD BANK 

Lvmah Souttcr, M D. 

I KO\I Tin StprilAI SIKMCIP AT Till MA'^SAClIl’M'TTS 01 * I « M ICOSIITAI IKIMO MV SVlIIIMH 

A iiLfjou i!\N'K IS a rcf|Uisitc for the tniciciit Imiidling of p.ituuts ui a *bs 
aster In the first place it is econoinital In the second pi.ice, with bum 
casualties particularh , it is imperatuc to feel free to admiiiisii r all tin jdasitu 
ncct-^sirv Tlicn need be no restraint iii the use of fio^eu pi a mu i nrP.l 
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plajnia with its coiitciU of nicrainal prcscmtu c offers a drawback since 
tlieoreticaJl) kidnc\ dantage nia> result if loo much is gi\en 

Supplies on Hand — At tiic tune of the Cocoanut Gro\c fire the Maasa 
chusetts General Hospital liad 391 units of sterile frozen plasma m its own 
bank 38 flasks of whole blood 106 units of dried plasma and a rcsene of 
yC units of frozen plasma stored for emcrgcticj use at the Faulkner Hos 
pital scAen miles aw•a^ This meant a total of 611 potential transfusions 
Tlie frozen units stored in 500 cc 1 eiiwal containers w'cre diluted lialf 
and lialf with normal saline 

For tliawnng we had three hrge tin pans in which tlic bottles could 
stand while a current of water at l>od\ temiicralure surged around them 
from a faucet Tlic tempcralurL was controlled b) band with a water 
bath thcnnnnicter 

In our central suppU room were kept stored m dust proof containers 
48 slcnle jackages consisting of mtra\cnous tubing all connected to Fciiwal 
rent tubes Ba-xter filters and glass adaptors In the same package were 
the usual shut off clani]>s two \o 19 and No tb needles m a test tube 
and an adaptor for making a connection with a needle to a Strumia bottle 
In our emergenc} sujijil} room were a large number of jwles to support 
infusion hollies as well as gauze si>hiits and bandages 

System of ddnitntsiralion — Tlie administration of fluids began witli n 
saline infusion started through an intnxenous apparatus and later tlirougli 
the plasma sets witli Ikmttr filters As soon as pluina was n\'ailable Go 
minutes after the arn\al of the first \ictini these saline flasks were changed 
to plasma In man) instances tlie plasma transfusions were started before 
the patients left tlie cnwrgcnc) ward to go upstairs to tlie floor cleared for 
thnr use A selected group of three interns was assigned to start trans 
fusions and keep them going The> went from bed to bed setting up ap- 
paratus or assisting the team in cliarge of the patient if it was having difficult) 
J'eins Used — The svsteni of fluid administration at tlie hospital has in 
recent jears been one of using the most pcnplieral veins first ustiall) tliose 
on the hack of the hands A sharp No i<) or No 20 needle is inserted for 
administration of saline and glucose, but at least a No 19 for transfusions 
Cannulae involving frequent subsequent destruction of vans are rarel> tisal 
’Hie extremity is careful!) splinted and the needle well strapped to iL The 
needle is inserted wath the aid of a glass adaptor rather than a synngc. 

On the mght of the fire this policy w'as employed hut because of the 
number of arm and hand bums n very high percentage of foot and leg 
were used These are m an area difficult to splint They are often 
at an angle which impedes the insertion of the needle and subsequent fixation 
orthennore, the situation was made worse by the patient bang transported 
the emergency ward by thar restlessness and thar being turned for 
tnc application of dressings It was necessary to cut down on the veins of 
®Eht patients during the first night and insert cannulae. They were onlj 
0 temporary help particularly m mstances where the plasma had alreadv 
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run m, a decision had to be made whether more plasma was to be gu on. oi 
saline or dextrose solution to keep the needle open This also pertained 
to people with difficult veins who had a needle well inserted It meant that 
some people received more saline than was wnse 

System of Fdtonicj — The filters occasioned us little or no tionble 
Although w^e have lound that whole blood undiluted by saline will sto]) in 
o\er five per cent of transfusions through Baxter filters, the dilute plasma 
used for these victims flowed well In seveial instances, when the com- 
plaints of malfunctioning of the apparatus weie laid at the door of the filter 
and It was changed and inspected, the amount of clot within it filled less 
than one-half of the filter and a change of the filter drip brought no improve- 
ment In one case a patient received eight units through the same filter 
without stoppage 

Slow' flow’ing after an initial rapid drip was noted in many instances. 
This w'as usually in leg veins which were small and tortuous We blamed 
this slow' flowing, when dextrose ran w'ell, upon the relative gummy nature 
of the plasma In other patients constricting pressure bandages oi theo- 
retically elevated venous pressure due to extensive pulmonary burns were 
blamed for this Dhenomenon We inserted a three-way stop-cock in the line 
between filter and needle for Case 27, enabling us to use a syringe ns a 
pump for more rapid infusion This was successful, though it ma} tend to 
increase clot formation, and for w'hole blood would be dangerous bcctUise 
of cell fragility We tried this in other instances and have now adopted it 
as routine for our plasma sets. 

Handling of the Supply — The supply of thawed plasma w'as controlled 
b) telephone communication with the bank As the original 16 units were 
melted, more plasma was started and was sent to the wards as rnjiidly as 
possible We tried to keep about ten flasks on hand at all tunes m the first 
SIX hours After that the administration w'as not on an emergency basis, 
so that w’e only thawed what was needed A total of 147 plasma transfusions 
was gnen 120 in the first 24 hours. 19 in the second, and eight in the third 

fl'hc work 111 the blood bank was started by an able medical student on 
call for night groupings and cross-matchings He was soon assisted In a 
blood bank nurse, two other nurses, and several interns The mcliing pans 
are important We now ha\e two smaller ones, duided into 16 scttioiis to 
kcej) the bottles from tipping, with an overflow to run into a sink 1 be 
records of the pools used were well kept m the bank. but. unfortunately, tune 
was too pressing on the wards to note the number of each bottle .uluunistered 
to each jiaticnt 

RcniaUnij the Fla^ina — 'riiere was an unintdiate appe.il in.idi for donors 
Ibis w.Ts great!} aided not onI\ In radio annoimcements, but In the /e.doiis 
action of two conscientious objettors, rcMclents ui tlu liospit.d foi nut.iI>o!)i 
studies, who went out into .1 neighboring street, stopptd passing trafiu and 
asked for .ill to come m and give tlieir bloofl Wt had owr n>) dom.rs 
main of whom bad nnforlunatil} luen eating or iliinking loo remiilv, but 
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\re liad stenlc sets aiough to tike 23 Moods Tor (he ^c^t ^^eek \\c re 
cci\ed nothing but \oIuntan donors so as to rcimke oiir plasma. Because of 
a wonderful resjKinsc and the help of the Red Cross which m the following 
week received more blood than llicj could ship and hence supplied man) 
hospital* with It li) the end of two weeks of \en Iiard work we had made 
a total of nearl) 300 flasks for our reserve for avilian defense. Ordinanl) 
we make but units a month Our fears tliat use of plisnia 111 a disaster 
would leave us depleted were unjustified 

FoUmi'-uf' ThounhU — Our follow up on the work done gnvc the follow- 
ing results First there were no reactions Tliat is tliere were no chills 
reported but possible tcmjicralwrc clungcs were masked bv the pvrexia 
following the bums Tlierc was Imt one patient with jaundice though others 
received plasma from the same pool without untoward effect Second we felt 
that too much saline was given alihongh tlic nui'cmiunv admimstration to an) 
patient was 2»a50 cc in 24 hours It wis possible tint mucli more might have 
been given and that this amount of sodium chloride was inadvisable. We began 
to dilute our plasma with 500. of dc\trosc in Uie first pools made im 
medutel) following the disaster Usvng fretli centnfugevl blood tUc~e pools 
were being used withm 38 hours after tlic fire. Tlnrd our 48 plasma sets com 
plete with fillers were too few for adequate Ivandlmg of a hrge number of cas 
oalties If we had not had sudi excellent scnice in obtaining rcstenlitation w e 
would have run sliort Now (he number lias been doubled and stop-cocks in 
lerted between filter and needle Fourth the amount of fibnn dot was very 
small and was a nuisance in onlv tnocascs Fifth we had some vein coraplica 
tioos. The carlv ones were local infection as a result of improper care of the 
wounds in two cases and n slough for the same reason in the one sternal 
administration of plasnu The \em thronilioscs are dneussed elsewhere. 


A \OT> ON Till* THROMnOI’IILUJITIS FNCOUNTERED 
D Mooue, M D 

M-ftCKIAL »r»TICrH *T T7I* »tA«tAimC»i:TT* QCMUAI. IKiWTTU., tOrraW M<«taiUtrTT» 

ViiluALLY all of the factors which predispose to the formation of 
thrombi m tlie veins of the leg are present in a patient reemenng from a 
byrn Shock with decreased blood flow and lowered venous pressure Iicnio- 
conccntration with increased blood viscosilv prolonged imraobihration ar 
dressings injections into the veins of the leg sepsis edema and nu 
tnUonal defiaency may all be expected to contribute to some degree. Of the 
39 patients cared for m this hospital following the (Ibcoanut Grove disaster 
hve presented tlirombo-embohc phenomena of clinical significance. This 
^pi’cvcnti an incidence of 13 per cent However of the nine patients hos 
pitaliaed for a prolonged pericxi and reqtiinng grafts tc third degree bums, 
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four de\ eloped evidence of thrombosis of the leg veins, an incidence of about 
45 per cent Two of these presented roentgenologic eiidences of a pul- 
monar} infarct 

A word of explanation is nccessarj in regard to both the terminology used and 
the policy of treatment The term “thrombophlebitis" is used to indicate an acute in- 
flammatory process in the \cins of the leg attended by local pain, tenderness, warmth 
and some systemic reaction The term “phlebothrombosis” is used to cover those cases 
in which a bland clot is present m the ACins, wnth minimal inflammation and adherence In 
both groups the presence or absence of swelling depends on the level and extent of the 
iinohcment, gastrocnemius spasm (“Homan’s sign”) may or may not be present de- 
jicnding probably on the degree of perivascular reaction 

It has been the policy at this hospital for se\eral years to treat botli of these condi- 
tions by ligation and division of the insolved veins, usually the superficial or common 
femoral \cin This ligation is carried out below the profunda feinons junction pro- 
viding the common femoral is not involved Where the thrombophlebitis involves the 
superficial saphenous system, ligation of the great saphenous at tlie saphcnofcmoral 
junction is considered adequate unless there is evidence of involvement of the deep system 
Diagnostic roentgenograms, using the intravenous injection of diodrast (“venograms’’), 
have not been made because experience has shown that these are often misleading and 
the procedure is irritating to the intima of tlie veins Anticoagulants, such as heparin 
or dicoumarm, have not been used because it is felt that these do not a fleet either the 
established thrombus or infaict, that they only prevait further extension of thrombosis, 
and that, therefore, they do not guard against fatal embolism 

The patients of this series who show'ed thrombo-einbolic phenomena are 
of considerable interest because they represent the whole spectrum of tins 
group of diseases, ranging from the patient with pulmonary infarct and no 
local signs in the legs, to the patient wnth fulminating local thrombophlebitis 
but no pulmonary manifestation's Furthermore, they show the modu^ 
opeiandi of some of the predisposing factors m this group of conditions, 
factors which may be eliminated by more meticulous attention to details of 
the patients’ regimen There follows a brief narrative of the development 
of the venous complications in these fixe cases 


CASE REPORTS 

Case 2 — This was a slightly’ built woman, with poor muscular tone, who moved 
about in bed seldom during her convalescence unless urged to do so The dressings on 
her right leg, vvhcrc there were small second and third degree bums at the fiicc and 
ankle, weie covered during most of her convalescence by a continuous spiral vla'ln 
bandage from toes to groin However, her left leg was burned at the knie and disjnte 
pri.raulions to tin contrary she was found to have been lircsscd with a cinular bni'kigi 
v nil no lowtr-leg cominnunt on several occasions At the time of <ntrv, due to tin 
prt-uue of Ininis on both amis plus the tact that she was ui an oxygen tent for soin. 
tniif, slit had an uitravdiois infusion placed in her s.npiunoiis vein m tin left antic 
Opvratne pr.Hediins to graft In r kft hand were rarrnd out on ULanilnr .‘d, T.nunv 
o and Iiiniarv ts TIkm inclndr»l a skin pr-ifl which was taken from tin left tlneli. 
this donor s,u was dn-s,d o-i on. cH.asion with a tight nr.ular hamligr. later repberd 
vnh a Inndif- est. inline to tin h^.t At no time dnnnr tins p. rnnl w.rr tin 
i.,l <1. viod, or was slu oti rcgitl ir tnrv.h r'«rn‘r-v 



THROMBOPHLEBITIS 


On Jamory 14 the Roentsenoloffic De pa r tm ent aiisgcitcd that her pn.vkiuj pul 
nxjnary picture now ahowed a Mpenmpoted procesi most liUely doe to a small infarct, 
and 00 January 18 this was coofinned by the findms of » fnction rub at the rytht base. 
Exammation of the legi at this tunc was completely r>egab\‘e except for the loperfictal 
btrms and wormds prevknali mentioned Howeser \dth cstabllslied infarction In her 
rlfiht hmc and no other demonstrable source for the emboli, it was felt that she lud a 
phlebothrombcKis in the calf \ans of her legs and that Hgatioo shoold be carried out 

Therefore, on Jonoarj iQ a bBateral ligation of the femoral >‘ems below the level 
of the profunda, was performed. At this level no clot was found and free bleeding 
was encountered from both directions. Folloning this operation no farther infarcts 
were found dinicall> or roentgeoologicallj and within a week her chart became flat 
and remained so until discharge four weeks later \\ hen seen two months later her 
Iigition wounds were well healed and site had no iwclling or discomfort of any 
kind in her legs. 

Tlie phlebothronibosis pr«iiniabl> preaent m this patient resulted from 
man} factors among winch her prolonged inimobihdtion and circiUnr thigh 
bandage were outstanding Allhongh slie wns m sliock for a period after 
cntT} and had recaird an injection in her saphenous ^cm the long (eight 
weeks) interval between tliese e\ents and her infarcts suggests tliat the) 
were not causes of tlic thrombotic process Bicjcle cxcrascs or elevation of 
the foot of her bed as well as better bandaging might liave helped ward off 
this complication Once discovered tlic therapv seemed to be effective m 
prevcntiog recurrence and her chest quicKh cleared 

Com 36.— a man of j 8, who was an active newspaper reporter and feature-writer 
prior to the Are was a vigorous and nrasettUr male who In his early stay in bed was 
very active and merved abotrt considerably However as weeks passed be became pro- 
gressirdy diiincJloed to roo>x about Bums on hu liands were grafted on Dece ro ber 32 
and January 3 and because of a desire to get him mobilized as soon as possible he xvas 
■lIowTd to get emt of bed and start walUng agabi on January 7 fivx weeks after the 
fire Despite repeated tdmonitfcms not to do so he persisted in tlUmg in a chair instead 
of walking about. This position, wilhoat footstool or leg eIc\’abon of any sort, resulted 
in dependency of his legs and possible pressure m the popliteal space The dressingi 
of hit thigh donor srtes on the left tide were properI> applied and earned down to 
the toes. One week after be had been allowed out of bed he eompUlDcd of pam in hu 
left leg Exammatkm showed tenderness In the calf and during the three boors after 
onset the sire of thu calf increased five-eightlu of an inch On the following mommg 
these ngns persisted and he had developed. In addition, an uitcresting variant of the 
Homans iiga Not only was the calf painfal and limited m dorsiflexion, but also hu 
gastrocncmhis rniBcle was in so^h severe spasm that he lad folly developed ankle clomu 
The temperature of thu leg was increased and his white blood cell count was 18,000. 
His t empeia tu re was normaL His lungs were negative on climcaJ exammadon. 

A diagnosis of left thrombophldiilu was made and, on January 14, a left superficial 
femoral vein llgatioo was carried out, below the level of the profunda. The vein u 
opened routinely b this procedure and b this instance a large dot was removed by 
aspiration and free bleeding obtained. The clot had progressed upwards to withb i cm. 
of the jdnctKd with the profunda ferooris. There was considerable perivascular edema 
and thxkenbg His postoperative course was latisfactorv and he was dudurged 11 
days later At two months be had untoward leg s>'mptoms, 
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The diagnosis of left-sided thrombophlebitis in this case u-as fiilh i,tib- 
stantialed b\ the operatne findings The clot found was nonadherent at the 
level exposed, though presumably it was adherent lower down According to 
our usual procedure the other leg should ha\e had the same operation, but the 
signs were so clearh unilateral, that it was felt justifiable to limit the operation 
to the one side Of the \anous predisposing factors m this case, the i elation 
to his mobilization and habit of sitting in his chair, leaning forward and listen- 
ing to the radio, stands out as most significant The thigh bandage o\cr the 
donor site and the long period in bed no doubt also pla>cd a part He was 
nc\er in shock nor did he have any intraienous infusions in Ins legs His 
lack of pulmonar}’’ infarcts is prohabh traceable to the infiammatory nature 
of the process, with resultant adheience The fact that the clot was free 
at the level of ligation, however, suggests that operation may well have firc- 
ven*^ed a subsequent massive embolus 


Case II — A 24-} car-old male, sustained c\tcnsi\c burns of his back Because of 
pain he lay quietly most of the tune To facilitate iiiomiir about he was Ri\cn a foot- 
board to press against, and a Balkan frame with hanging handles to lift himself, using 
his one good hand On December 25, four weeks after the fire, he complained of 
chest pain and raised a little bloodii sputum However, his chest films were rcpc.atcdlv 
negatnc and it w’as thought that his tracheal burn was giving rise to the blood-strcnking 
His legs were normal to examination sa\e for the burn on the right knee On lamian 
5, grafts were taken from the left thigh and put on his arm and right knee \ snug 
circular bandage with no lower leg extension was apjihed to the knee graft The next 
da3' this was discoiercd and rectified but in the interim the patient had liad iS liotirs of 
partial lenous obstruction to his right leg Within three da\s he de\ eloped soreness 
and swelling m tlic right calf An exploration of his right femoral ^cln was made 
on Jamiarj 8 

Because of the presence of unilateral signs and a unilateral caiisatne imch.mism 
(the tight dressing) it was considered permissible to depart from established precedent 
as in tlic prcMOiis case, and operate on onh the one side At operation the ecin was 
ffuind to be thickened and edematous, but with no clot at this Iciel Slow bleeding from 
below suggested a elot further down but none could be obtained with tlie Treiidcleti- 


burg sucker 

He lomaincd quite immobile m bed despite efforts to the contran On I'tbni.irv 
(nine weeks after tlie burn), he complained of pain in his left groin .iiid rapidl> 
fkvtioped a fever, jialpable tender hiiipii ikkU s and a lender cord .along tlie course 
of one of the thigh tribut.iries to the deep sjstem Despite these signs ol an anili 

innainniatorv process in the thigh he bael no ankle" edtnn or Ilonian s sign 1 1 h 
diagnosis of left-sided lemoral throniboiilibbitis was unde and a left femoral tvplor.-e- 
tioii tarried emt 

\t this oiieratioii an unusual situition w.is feiund Ills leit fenioril v<m w is 

alinosi an inrli in elnnuter, surrounded bv ceiiisidirabli edenii, with a w.dl mm thiA 
Main higt nodes, up to J tin in dinnetir, were m the femoral iriangb I argi riots 
were ispirated from the supertkiil f« moral and profunda hr on In s Jim t onmio"i 
femora! vein was hgated iIvol the eiitnamc of tin jirofimda riv s,j,btiinis vi 
also tietl Inc.ntse of mvolvetmiil it its orifiee, bill tied pro' mnl P. tin riirnt.. of tie 
sni.'rrKid .pu’.i'irn vein s„ tint a rontmtioiis supt rfie nl ebomtl was ),jt rnmmu' n,. 
to the tpn .sine sest.m Posiopir eltve h tli- p itn nt did well, amt •< bm r. -i tee- 
nio-tlo Inrr In bid m» surllme or be- svmp'ons »b -jiil- t! r .st.n-ivi In iim'i •' 1 tf- 
lift 11 ( e< \er «!' veloj.s ,! .,11V r.n iitae* ■»! 0 is «vid'm< 01 pntm-i'iirv t-sii!- h 
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This patient cviclciith had phIcbotlironiI>05is of hts ight leg and later 
devxiopcd an acute throinlwphlebitis tn the left llugli The nght leg patholog) 
vras unquestiombl) furthered if not caused by the tightly applied dressing 
at the Icnec The cau«ic of the acute process on the left is hard to assign to 
nn\ one factor hut was undou?)tcdl> a result chiefl> of prolonged immobilira 
tion The donor site*, on the left leg were well liealcd at the time of onset 
of the acute thrombophlebitis 

Cue 8 — A ■^j-car old housewife wa* dlnhtly built atxl of Irttle natural muscular 
v-ipor Left to her owai resource* *hc lav qaictijr In bed makinj: no effort to move about 
Dumy; Iicr firjt ifi hour> in the hospital die had ha<! a cannula tied Into her left long 
sapl'cnous vein She often lad llic head of her bed and the lawe-rc*t raised udlh her 
legs »lichtl) Hcxerl This produced pressure In tlie popliteal space and the flexion at 
the hip* presttmabl) incrcatetl the \enous pressure in the leg* On December j 6, four 
ueelc* after the fire she complained of pain in her left ibouldcr but her chc*t was 
bandaged and dmical examination wa* amalisfaclory Therefore, a roentgenoprara wa* 
taken, wldch wai mierpreted as consistent wulh an infarct at tlie left ba*e, with 
possfljj a *ecof>d one behind the heart Examination of her leg* at this tune wai 
completely negative Because of the fact that no otlscr soorcc for the emboli coaW 
be demonstrated il wa* felt that the prc#nntptire source was the great vein* of the 
leg Therefore bilateral femoral sdn ligation wa* decided upon. 

ThU was earned out tlie tame day and on opening the sons, no clots were found, 
Postoperatively ahe did well and devdoped no more infarct* Two day* after the 
roentgcnc^ram mentioned abovT another o'e was taker whteh showed that *he had 
developed a imall amount of flnkl at liie left base makmg even more likely the prerkna 
diagnosli of infarct 

Tins pottent falls into tlie group in which pulmonary embolism pointed 
to a throniliotic process m the legs and the absence of local signs made a 
diagnosis of phlcbothromlwsis presunipti>e Intmobniaation and position m 
bed proliabl) contnlnited os much to her troubles as any other factor A1 
though she bad had a cannula tie<l into a saphenous vein an interval of four 
weeks had passed between this and the emboli and she never showed 
inv saphenous pathology clinically She had no bums on her legs ami pnor 
to her embolism Iiad no grafts taken from the tliighs 

CsM 14. — Thl* patient devetoped a typical aente saplierKnii th xrmhophlcbltu m hi* 
left leg eight daj'* after the fire. He was Ughtlj burned atxl had not been lystemlcally 
ni »lncc 48 hour* after the fire and had been up and about the ward. However he had 
had an intnvenou* needle placed In hi* long lapbcnous vein at the ankk In hi* firit 
few hour* m the iKWphal Through thi* von had been mfmed about i 000 cc. of 5 
per cent glocoie In saline, and ixwo cc. of pUsma. On December 7 be noticed a sore 
red i reak op the leg from the rntravenoiu *Ite at the ankle. TTiere wa* a palpable tender 
cord tkxig the couric of the uphenoo* vdn. Therefore the tapbenom vein was tied 
off at the iaphenofcmoral jtmctloo to guard agatnst extension of this process op mto 
the femoral and iliac system The patient did well postoperativcly hi* local process 
quieted down on rest and beat and three day* later he \va» diicharged to an Army 
hospital. 
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The diagnosis of left-sided thrombophlebitis in this case was full}'- sub- 
stantiated by the operative findings The clot found vas nonadherent at the 
level exposed, though presumably it was adherent lower down According to 
our usual procedure the other leg should have had the same operation, but the 
signs were so clearl) unilateral, that it was felt justifiable to limit the operation 
to the one side Of the various predisposing factors m this case, the relation 
to his mobilization and habit of sitting in his chair, leaning forwaid and listen- 
ing to the radio, stands out as most significant The thigh bandage over the 
donor site and the long period in bed no doubt also played a part He was 
never in shock nor did he have any intravenous infusions in his legs His 
lack of pulmonary infarcts is probably traceable to the inflammatory nature 
of the process, with resultant adherence The fact that the clot was free 
at the level of ligation, however, suggests that operation may well have pre- 
vented a subsequent massive embolus 

Case II — 24-3'^ear-oJd male, sustained extensive burns of his back Because of 
pain he lay quietly most of the time To facilitate moving about he was given a foot- 
board to press against, and a Balkan frame wuth hanging handles to lift himself, using 
his one good hand On December 25, four weeks after the fire, he complained of 
chest pain and raised a little bloody sputum However, his chest films were repeatedly 
negative and it was thought that his tracheal bum was giving rise to the blood-strcaking 
His legs w'ere normal to examination save for tbe burn on the right knee On January 
5, grafts w'cre taken from the left thigh and put on his arm and right knee A snug 
circular bandage \vith no lower leg extension was applied to the knee graft The next 
day this was discovered and rectified but in tbe interim the patient had had 18 hours of 
partial venous obstruction to Ins right leg Within three days he developed soreness 
and swelling in the right calf An exploration of his right femoral vein was made 
on January 8 

Because of the presence of unilateral signs and a unilateral causative mechanism 
(the tight dressing) it was considered permissible to depart from established precedent 
as in the previous case, and operate on onl}'- tlic one side At operation the vein was 
found to be thickened and edematous, but wnth no clot at this level Slow bleeding from 
below suggested a clot further down but none could be obtained witli tlic Trendelen- 
burg sucker 

He remained quite immobile in bed despite efforts to the contrary On February 
(nine weeks after the burn) he complained of pain in his left groin and rapidli 
dc\ eloped a fc\er, paljiable tender Ijmph nodes and a tender cord along the course 
of one of the thigli tributaries to the deep sj'stem Despite these signs of an acute 
inflammatorj jirocess in tbe thigh he Iiad no ankle edema or Homan s sign T be 
diagnosis of left-sided femoial tbrombophicbitiii was made and a left femoral e\i>Ior,i- 
tion earned out 

At this operation an unusual situation was found His left femoral %em was 
almost an ineli in diameter, suriounded In consideralilc edema, witli a wall 3 thick 
Mam large nodes, up to 2 cm in diameter, were in the femoral triangle Barge clots 
were aspirated from the suiicrficial femoral anil profunda branches The common 
femoral \cin was ligated abo\e tbe entrance of the profunda The saphenous was 
also tied because of imolsement at its orifice, but tied proximal to the entrance of the 
superficial epigastric eem so that a contiiuious superficial channel was left ninnnig up 
to the epigastric sestem PostoperativeU, the patient did well, and when seen tvjo 
inniilhs later he h.id no swelling or leg sMiiittorns despite the exfensne ligations r>n tie 
left He never developed anv roentgenologic evideme of piihnoiiarv emboli 
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This pntient c\i(lcntl\ had phlcbothronilwsis of his iglit leg and later 
de\ eloped an acute thrombophlebitis m tlie left thigli Tlie right leg patlioIog> 
u-as unquestionabK furthered if not caused b\ the tightl> applied dressing 
at the knee Tlie cause of the aaitc process on the left is hard to assign to 
an\ one factor but wns undoiibterlK a ixsiilt chicflv of prolonged inimobiliza 
tion Tbc donor sitca on the left leg were well healed at the time of onset 
of the acute thrombophlebitis 

Case 8, — A old liouwwifc was •lightly b iHt and of Ihtic natimil rmifcuJar 

vigor Left to her own rcKwrcei she b> qiiietij m bed making no effort to more about 
During licr fint l8 liourk In tl>e hospital ahe had had a cannula tied into her left long 
•apbenouv vem. She often lud the head of her hed and tlvc knee rest raised with her 
kgs slighlly flexed. This produced presmre In tbc popliteal space aixl the flexion at 
the hips presumably mcrcascil the stoous pressure In tJie legs On December 26, four 
weeks after the fire she complained of pain in her left shoulder but her chest was 
bandaged ami drnical examination was onsatiifactoo Therefore a roentgenogram was 
taken which was Intcrpretcxl as eonsbtent sHth an Infarct at tlie left base, with 
possibly a *econd one behind the heart Examuolton of her legs at thi* time waj 
completely negative. Hecause of tbc fact that no otlicr source for the emboli could 
be demonstrated it was felt that the prcsumptire KnitTe was the great vdni of the 
leg Therefore, bilateral femoral vein hgailon was decided upon. 

Thu was earned out tbc »ame dav and on opening the reins, no dots were found 
Pojtopemlvelj she did well and developed no more mfarcts. Two day* after the 
roentgenogram nsentlooed above, another o'e was taken which showed that she had 
developed a small amovent of (laid at the left Ua«e making even more likely the prerioui 
diagnosis of infarct 

Tilts patient hlls into tlie group in which piilinonar> embolism pointed 
to a thromliotic process m the legs and die absence of local signs made a 
du^osts of plilcbothronibosis presumptive Inmiobihmtion and position in 
bed proliabU contnlmted as much to her troubles as au\ other factor A1 
tliough she had had a cannula tie<l into a saphenous vein an interval of four 
weeks liad passed between this and the emboli and she never showed 
an) saphenous patliolog) chmcaJI} She liad no bums on her legs and pnor 
to her embolism liad no grafts taken from the thighs 

C«ie 14 — Tills pntient developed ■ typical acute laphenous Ui'Drabophlebitli in Ins 
left leg eight ilays after llie fire. He wa* IirHiIv homed and had not been ijstcniKally 
ill ihKc 48 liour* after the hre. and had been op and about the ward. However he had 
had an Intravenous needle placed in his long saphenous vefn at the ankle in hlj first 
few hours m the hospital Through this van had been in/mcd about ijxio cc. of 5 
per cent gfoccne in saline and l 000 cc. of plasma. On De c e m ber 7 be noticed a sore 
red t reak up the leg from tbc intravenous site at the ankle. There was a palpable tender 
cord along the courte of the saphenous vem. Therefore, tbc saphenom vein was tied 
off at the saphenofemoral janctwn, to giurd agamst extension of this process up mto 
the femoral and iliac lystera. Tbc patient did well postopcratlvcly his local procevi 
quieted down on rest and heat and three days later be was discharged to an Army 
hospital 
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This patient is of interest in that he was the only one of many who re- 
ceived injections into ankle veins, wdio developed saphenous phlebitis 

DISCUSSION 

From time to time it became necessar}' to perform femoral vein punctures 
either to get blood for study, or to give intravenous infusions m patients in 
whom other veins w^ere not available This w^as done m seven patients (Cases 
40> 3 ~, 27, 34, 23, and 8) , in only one did thrombosis develop (Case 8), 
and there w^as such a long mten^al betw^een the femoral vein puncture and the 
development of the thrombosis, that it is probable that there w'as no connection 
between tlie two One of the patients (Case 13) is of especial interest because 
she had at least eight femoral vein punctures as w'ell as extensive septic bin ns 
on both legs She never developed any evidence oi pulmonary infarction 
Examination of the calf veins was impossible due to the overlying burns 
The presence of bums or sepsis in the legs does not seem to predispose to 
thrombosis providing, of course, that the sepsis does not progress to the point 
of _ involvement of the larger blood vessels How^ever, lesions on the legs 
may be an indiiect cause of venous complications if tight cirailar bandages 
are used which obstruct and distend the venous system distal to them Of 
the five patients in this group wuth thromboses, only tw'o had leg burns 

CONCLUSIONS 

It IS felt that patients w'ho have been severely burned are prone, in a rather 
high percentage of cases, to develop thrombo-embohc phenomena from the veins 
of the legs Constant vigilance must be exercised particularly m relation to 
prevention The position of the patient in bed, and mobilization in bed with 
measuies taken to ensure adequate venous circulation, are important factors 
m preventing thrombosis and embolism When leg signs are positive, or 
evidence of pulmonary infarction is present, Jie treatment of choice is im- 
mediate ligation of the involved veins 



MKTADOI IC OBSERVATIONS* 

Ou^ ER Cope, M D Ira T Nateaissov M D 
G M\HaAnET RoUPKE AB and IIiLDEOARD T^ILgON rilJ) 

rtlTV TIE yUECICAL »r«r t»n» AKD JOIEM COLLIHl fTAEUM LjLBOCATOElEl, OAAVAED DymUITT AT TUB 
Mu<AniL-vrm oxnbeal ikxktal, K)«itr< mam. 

\ 3rur>\ of the nitrogen metabolism and its relation to the adrenal cortex 
and 1/ ketosteroids in bum sliock was alread) under waj in these bbora 
tones pnor to the Cocoamit Gro\c disaster in the hope of cluadatmg some 
of the problems under discussion m recent jears regarding the body s com 
l>ensation to injun Scljc’ working until expenmentaJ animals has called 
such compensation the alami reaction and points out that part of this 
reaction is an enlargement of the cortex of the adrenal gland 

^n aspect of the compensation to injun encountered both in tlie human 
bang and expcnnientnl animals is a sustained nse in blood sugar m spite 
of fasting Tliere is apparoitl) an increased production of glucose from 
noncarboludrate sources as well as from gU'cogen In human bangs fol 
lowing a bum such a nsc in blood sugar occurs Tliere is also an increased 
excretion of nitrogen and 17 ketosleroidst in the gnne and it has been pos 
tulatcd that these three findings arc signs of augmented activity of the 
adrenal cortex part of an ‘abinn reaction 

Se\'eral laboratories lia\c observed an increased renal excretion of nitro- 
gen in the human bang foRowing a bum * ^ * The amount of nitrogni 
niav be considerable, indeed comparable to tliat encountered m diabetic 
acidosis In this htter disease it is believed that there is an overproduction 
of glucose and ketone liodics from protan tins excessive conversion of pro- 
tein is perliaps motivated b\ the anterior pituiiaiy uninlu“bited bj an adequate 
strpplj of insulin In the burned patient it has been postulated that the 
cxcessne nitrogen excretion is the result of increased conversion of protan 
to sugar but motivated in tins case hv tlic adrenal cortex ® ® 

Long® has produced evndencc in cxpcnmental animals that the adrenal 
• Th« work deicribed m thif piper wai deme andcr 1 contract, rreommended by the 
Committee on Medrcal Retearch. between the Office of Scientific Rcsearcli and De- 
rdopment and Harvard Umreralty 

t The term “17 ketoyterokf i» applied lo those organic corapotmdi which have 1 
kctonlc radical attached to the 17-carbon atom of a phenanthreoecyclopentaxw nodeos. 
Although thb nndetu ii common to soch iteroU at cholctterol the tex hormones, 
the adrenal cortical bormonct so far identified and membera of the vitamin D group 
the 17 ketotterdds which arc excreted In the arinc appear to represent, for the rrxjst 
part metabolic end prodocts of the androgenic hormones These end products originate 
both in the tcstii and the adrenal cortex of both lexea. They do not represent, ap- 
parently the entire biologically active tecrebon of the adrenal cortex. The non 
I'-kctosteroid excretion product of the adrenal cortical secretion, the so-called “eortm 
like sterols, can be measored only by a difficult biologic assay The 17 kctostcroidj 
on the other hand, arc determmed in the unue by a quantitative colorimetric method 
tod, even tboogh in the male H registers the hmetion of two glands It Is cUmcally 
the most uvefnl method available by which adrenal cortical fonction may be estimated. 
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I.c 48-N.troKcn bnlancc -.ml c-^Ionc .n ^.r, 49-N>troRen 

t-,kc of ^a^c 6 K.rl ...th pulnion-.ry dann c Case ar ;> 

md no ■.tirfacc burns Slic required ox>ren mcl mild bnn.s He ricmed tour I 

tbcr-ipj for five divs She was nfebnlc tbronpb in flic first 4b hours 
out One unit of plnsma \sns given on tlic 
fir*;! dn> 

cortex docs activate such a conversion Wlictlicr overactiMt) of the adieu. il 
IS responsible m shock in the liunian being for an increased production 
sugar IS not ect cstalilished The obscr\cd increased excretion of 17 sct ^ 
steroids through the kidney following a burn or titbcr trauni.i is ’’’ b 

with the concept of increased activiu of the adrenal cortex ' 
tion of the ly-ketosteroids to protein and carbohydrate nietabolisni ap 
jiears to us to be still unsettled Testosterone, which is the ‘'Ccretic 11 
the interstitial cells of the testis and the end-product of which is c\< ret 
the urine as a 17-ketostcroid. causes a retention of nitro},cn w leii 11 J 
into .1 eunuch or a normal man or woman ^ Such .iction on nilrot,en 
IS the reeer-.e of a conversion f.f protein to glucose If the adre n.il tor 
alsn vetretfs steroids which arc extreted 111 the urine .is 17-kctost, iokL 
the .ictioii of these .idrcnal sten.ids like tli.it r.f teslMsteroiic ^ 
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It IS probable that the cortex of the adrenal is also a source of 17- 
ketosteroids This is based on several clinical obsen^ations * First, those 
steroids are found in the unne of both man and woman, there is more 111 
man than woman, but the difference disappears if the man is castrated" 
Second, there is a diminished excretion of these steroids in the urine of 
patients wth Addison’s disease, in women with this disease there may be 
little or none^" (In Addison’s disease, spontaneous hypoglycemia is some- 
times encountered indicating an inadequate conversion of noncarbohydrate 
substances to glucose) Third, patients uith a functioning tumor of the 
adrenal cortex excrete an increased amount of 17-ketosteroids Removal of 
the tumor is followed by an abrupt drop in the amount excreted (Some of 
the patients in the presence of the tumor have an elevated blood glucose vitli 
sugar in the urine, intimating an increased production of glucose from non- 
carbohydrate sources) 

The theories regarding 17-ketosteroids and the adrenal cortex have been 
further complicated by the suggestion that the cortex secretes two types of 
hormones One is a testosterone-hke hormone, or “N” hormone, which 
causes retention of nitrogen, while the other, the “S” hormone, causes con- 
version of protein to sugkr and, therefore, a loss of nitrogen The “N” 

hormone is supposedly excreted in the urine as a 17-ketosteroid, while the 
“S” IS not and is determined only on biologic assay In the burned patient 
it IS suggested that the adrenal cortex at first puts out an excess of both 
“N” and “S” hormones but later only the “S” . further, that a subsequently 
diminished output of “N” hormone, recorded as a decreased 17-keto- 
steroid excretion, represents a phase deleterious to wound healing, and 
that injection of testosterone might be beneficial 

Such conflicting theories suggest premises based ujion inadequate oh- 
sen^ations It is possible that the chemical test which identifies the 17- 
ketosteroids is measuring steroids with dift'eniig physiologic properties. 
Investigation is needed 

Another problem is that of the source of the inci eased nitrogen excreted 
following the burn It has been held that the nitrogen comes from tlie 
burned cells It might, however, come from the plasma protein or some 
other noncellular storehouse of nitrogen In the previous article on the 
care of shock, the possibility is discussed that the plasma proteins, which have 
seeped out into the extracellular spaces of the burned area, are excreted In 
the kidney w’hen resorbed through the lymphatics into the general circula- 
tion It IS possible that these proteins arc in some waj denatured and are. 
therefore, no longer utihVablc by the body when resorbed Since the protein 
concentration of the edema fluid of the burned area is high owing to the 
abnormal capillar}' permeability induced In the burn, the excretion of such 
protein would mean a considerable loss of nitrogen 

If the increased nitrogen excreted comes from cells, there ‘.iiould b( a 
jiar.illcl excretion of other substances contained in cells such as potassium 
.ind jihosjihate If it comes from plasma protein, tlu'C cellular paralhh 
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Twentv four hour unnc specimens ^\erc collected on all these patients 
Sonic specimens were not complete partKularl> m the first 72 hours when 
a few patients were incontinent At times unnc was lost wnth the stool and 
an occasional specimen was inad\crtcntl> tlirown awa> 

Kilroocii Balatici — Tlie nitrogen excretion in the unnc was measured 
111 the 20 patients throughout their sta) in the hospital An accurately 
lecorded intake of food is aimlable for onK nine of these patients through 
out their hospital 6ta\ and in these nine onl) therefore is a complete 
nitrogen balance aiailable* In fne more patients food intakes were ade- 
(juatcU recordctl o\cr considemhle penods and tlie nitrogen balance has 
l*cen calculated for these penotls On the remaining 15 patients onl> the 
niitputs are amilable 

Smaller negatuc Imlanccs were encountered tlian anticipated Of the 
nine patients wnth complete balances two died watliin the first 72 hours one 
lia\mg Iieen in slight iKvsitne the other in slight negatixc balance. Of the 
sc\cn siim\ors wnth complete lialanccs two were in positive balance from 
the beginning ownng in part to transfusions One of tliese was the most 
smerel) burned of the 39 patients (Case 13 Set Tig 61) Twentj eight 
per cent of the l>od\ was tlnrd degree hum and r«juir«l grafting another 
28 per cent was second degree making a total of 56 per cent of the body 
surface being se\crel> Imnieil with on tinknowm quantit\ of first degree 
Imni (sec colored section Fig 11) Tlie other jntienf (Case -^2) was 
also m positue lalancc owing to imiltiplc transfusions gi\en earl} to re- 
lie\e anoxia, 

Tlie remaining fi\e patients with complete balaiKcs showed negative bal 
ances up to nine dajs Dunng this period of negatne balance, tlie calonc 
muke of tlic patients was inadequate for maintenance It is behe\ed tliat 
die negatue balance is m large part accounted for b> die low calonc and 
low protein intakes The nitrogen data of four of these patients together 
\ntli the calonc intakes are shown m Figures 48-51 An increased intake of 
protein apparently did not alter the nitrogen excretion 

In the five patients wnth incomplete balances as well as in tlie 15 with 
nitrogen excretions ofll> the pattern of unnar> nitrogen excretion is llie 
same as in those uatJi the complete balances (The nitrogen data of the 
final patient watJi complete and twx) wath incomplete balances are shown 
in Figures 59 ( 3 o and 63 ) Of interest m all of the 29 patients in whom 
the nitrogen excretion was determined is tlie constancj of the level of 

* The baUnce ligrira are constructed ou the bull of the calculated nltro^ea Intate 
br mocth and bv Tcm, agilnit the n itr o g en excretion in the anne. No attempt vai 
nade to mcamre the loii of nitrogen from the wo u nd, that U, by leatagc of the 
protein nch fluid into the bandagei. Nor waa the increased nitrogen of certain itooU 
nicaiurcd. Ordinarily the itooU contain approximately 10 per cent of the total nltro- 
trn CTcicled, but m those containing Idood there wai of course, additional nitrogen lost. 
(Five of the nine patient! had stooli positive to gualac on one tc three occaironj in 
the first two week* there wai no gross Weedmg ) 
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excretion It is a jitlle higher during the first week, generallx, than in 
later weeks 

The le\el of nitrogen excretion was higher in the males than in the 
females This is in keeping with the differences in size and caloric require- 
ments of the sexes. The extent of the skin burns did not influence the lc\el 
of nitrogen excretion in either sex Thus, of the foui males with complete 
nitrogen balances, Case 37, wnth minor bums, showed the lowest excretion. 
Case II. with the most extensive burns, and Case 29, with moderate burns, 
weie in the middle, and Case 36, also with model ate burns, was highest 
Cases 29 and 36 had almost identical anatomic aieas involved, but the bums 
of Case 36 showed more mfectne organisms, and the initial grafts failed, 
m part, to snnnve 

Pofassuivi Balance — Potassium balances were measimcd in six of the 
sc\cn sunuving patients with the complete nitrogen balance (Figs 52-55) 
The patients weie essentially in potassium balance thioughout, but all 
exceptions should be mentioned Case 37 (see Fig 6) on the second (ko 
was 111 negative balance In the two patients whose potassium balance 
charts are not shown (Cases 13 and 32), there was a positive potassiuin 
balance which w’as presumabl)' due to the whole blood transfusions which 
these patients received 

The absence of a negative potassium balance, with the one exception noted, 
suggests that the nitiogcn excreted m excess of the intake m the call) days 
did not occur as a result of cell destruction 

Calcium and Phosphoi us Exaction — The excretion of c.ilcium and jibos- 
phorus was measured m the urine of one patient (Case 36), (sec Fig 56) 
In view' of the calculated intakes of these tw'o substances in the diet, the 
output of both is within the expected level of normal 'J'hc fecal calciums 
were not measured, so a complete balance was not fletcrmincd The iiijuiy, 
or the rest m bed. was without apparent effect on the urinary excretion of 
these substances 


17-Kclosta md EacicIioii — The urmar}' cxcietion of ly-kctosterouls has 
been measured m 23 jiaticnts The method of deieimiiiatioii is desciihed 
elsewhcie ‘ I'hc determinations weie continued throughout the hospital 
stay, and m some instances aftci discharge During the first week, 
weie carried out daih. and thereafter at intervals of two to tliiee da\s 

'J'he data of eight txjucal patients are jiresented in Figures 57-^14 1 h(“ 
selection of the patients foi illustration was b.isetl prim.iril) <»ii the kiigtli 
of the stud\ and the ‘'event} of the injui} which the} Iiarl renmed \11 
h.id nitmgen .mtl six had potassium studies in addition * 

• ^orl(^.^I \.tliiis for I 7 -Kolost(n»i(ls m tins Inl«ir.i'i>r\ litiuiui O m is in' 

lift _*) lit fcinili-N will It IK, lilt in tin in ili is froin lo 1<> -’o inj' \ tint- .il 

< itin r tvirciiK .lu un jkii it in tuir i\|t«rnnit' In tin s.nin iturniil niflmdn it tin d nh 


llm ui.itioiiK .in iKit more ih.nn 
ind fritiinnlle trt iiiikIi ksv 


'5 ptr lint Iniin tin .leer.iio ot totisdiitiu .1 si\' 
fUiKt imriec! \ in itioil' in otilp il .10 I 


Ml.'iUn .lilt 
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The lc\els of the 17-kctostcroKl excretion arc all Ingli normal or ahove 
imnnal ranj^c for eacli sex during the first iliree to sc\en da}s after injiirv 
Fallowing this there is a precipitous drop to low normal or suhiiormal out- 
put'' This decrease ^\as found m all but a few patients who hul the mildi st 
injuries, or who were discharged from the hosjjital before such a ^Irop lould 
have been noted Thereafter, cxcejit for occ.isional nucttiatioii", tspnialh 
m the male patients, the 17-kctosteroid exirction remains .it a nlativtU 
low level for a long period In several, a rise to ,m aviras,'e normal levd 
did not ovrur until si\ weeks had elajised fFigs 63 and (>\) In odurs 
this i> not apparent until later ( httJ*' f»o ami 6j j In two women tlx levels 
.lie still l(,w 113 flav" after the mjurv n‘‘ij,'s ^ 1 , and dt ) In oeneiil, the 
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duration of the lou le\el of 17 kctostcrotd excretion correlated closelj \nth 
the extent of jnjnn and period of cont'alesccnce.* 

CLIMC\L CORRECTIONS 

In the SIX female patients with third degree bums who remained m the 
hospital for grafting two ob>er\'ations were made of interest m \ici\ of 
the metabolic studies 

The catamenia ceased in all mx It returned m one (Case 20) before 
discharge from the hospital at the end of two and one half months In the 
next two It returned soon after discharge (Cases 23 and 28) In the re 
nviinmg three (Cases 2 8 and 13) it had not returned it four and one half 
months 

Increased gniwili <if hair was noteil in all six In five the growlli 
occurred rm the face in two there w■a^ a thick growth m one, on the 
check and in the other on the Iijn chin and neck In all six there was 
a i increased gniwth on the exlr«nlllc^ Tlie patients noticed this growth 
thefusclies and at first were hesitant to mention iL All were gratified to 
know It was not unexpcctetf and that the others shaml in it \\ ith the 
return of catamenia in one jiaticiit llic liair on the leg has alrcad) begun 
Ij drop out 

The pattern of 17-keiosteroid excretion was tqncal in all six patients 
The increased hair growth occurred when the 17 kctosteroid excretion was 
low The hair growth was thickest m two of tlw jiatients with the lowest 
and most prolonged depression of 17 kctosteroid excretion (Figs 39 and 61) 

The 17 kctosteroid excretion ro^e to a normal Ie\el at about the time 
catamenia was resumed in the three patients in whom that has occurred. 
(One of these was Case 20 Fig 62) 

coMUE^rr 

The In-d of nitrogen excretion found m these patents was less than 
was antiapated and the case with which nitrogen equHibnum was realized 
was a surprise Eitn in these patients \rho were scierelv burned the loss 
of nitrogen was no greater than in tho>c with relatnclr mild injurv The 
nitrogen Ijalanccs obsen-ed no matter what the extent of the injurv correlate 
more closcli with the calonc and nitrogen intadccs than with other factors 
For example males with their higher calonc requirement excreted con 
sistcntlv larger amounts of nitrogen than the females. 

The negatue nitrogen balances observed dunng the periods of inadequate 
calonc and nitrogen intakes were not accompanied b\ a negatnc potassium 

•It If to be noted that 11 Cifc 3O Furore 64, the Icrclf are oeicr bdow normal, 
bot permal of the data revcali the mtal dom iwing with a tTp>cal vaHey before 3 
rbc to higher leveli Foltowinff iCscfarfe hn levels are higher than arcrage normal 
valocs If these are norm*] for thii mdirMinl then the loweit valoei ire dlftmctlf 
rtAnormal for fnm. 

There was a cjore consuterTt daJIf excretoon of l" l.eto<teTmdj m the female thin 
in the male. This may be ittrifantcd to adclitxinal gonadil ictn-fty m the male. 
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I ir t;7 — 1 7 ki losti rnid excretion with Fir 58 — 17 ketoitcroid cxcrriimi imiIi 

iiitnncTi hilincc for compTri^on, in Ct«c 0 pen bilincc for com(nri<;on, in ( t<c ir ' 
t''ci tI'.o I 11.1111. '• 48 ond ) iFo I ii'iircx ,10 ninl S 3 ) 


'Fhe le\cls of the 17-kcloslcroid excretion are all hi^h norm.il or al)0\( 
normal ranj^e for each sex cluring’ the first three to se\cn (la}s after injnr\. 
h'ollouinf^ (his (here is a preciintous drop to low normal or subnormal out- 
puts This decrease was ffiiind in all hut n few jiatients who had (he mildt si 
injuries, or who were discharged from the hos[)ilaI before siitli a droj) could 
base Ikcii noted d hereafter, except for occasional nucluations, isjncialU 
III the male ii.itients. the 17-ketostcroid excretion remiiiis at a rdativcK 
low Ii\t! for a long period In screr.al, a rise to an average norm il h\il 
did not o( cur until six weeks had elapsed (Fig'- 63 and hi oiluf'' 

till'- I'' not .tpjiirtnt nnlil later fl'ig'' f/i and fiJ ) In woinin die b M I 
,i!< '-til! lov il^ di}-- afl( r tin nijiirs ( I'igs sO arnl ) In gnu r.il, da 
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balance (\\ith the exception of one da\ in a single patient) The nitrngcn 
lost, therefore, w-as presumably not at the expense of cellular protein 

These results are at some \ariance ^\lth uhat we had been led to expert 
from the obsenations of others-'" ■* It is obvious that ex-tcnsive deep bums 
are not ncce^saril\ accompanied In a large loss of nitrogen in the iinnc 
W'c ha\e, therefore, wondered what factors other than the Inirn itself might 
be nnohed One thing which was clear, was the absence of invasiec infection 
m the wounds of these patients Infections such as tejihoid or pncuinniiM 
cause a loss of nitrogen At the moment, we ascribe the maintenance of 
the nitrogen balance of these patients to the relative lack of infection or. in 
other words, to the effectiveness of the diemotherapeutic pre»gram Cer- 
t.unl} , the simplified method of treating the bunied surfaces dul not lead 
to tissue destruction and protein loss (See article on Surface Trcatnicnl) 

A factor which has been reported to influence the nitrogen lialancc i'' 
adrenal cortical aclivit}' It is well recognized that the cortex of the adrenal 
gland IS disturbed following se\ere burns A patient, studied rccenth at tins 
hospital, following acid burns, died on the twenh -sixth da\ of extcii'-nc 
infection The adrenal cortices A\ere found at postmortem examination to 
ha\e h} pertrophied On the other hand, acute adrenal cortical necrosis is 
known to occur, and was observed in two of these patients (Cases 7 ainl 
27) who died on the third day (See article on Pathology) 

It IS possible that the changes in 17-ketosteroid excretion observed in 

these patients reflect alterations in adrenal cortical function The rise of 
excretion of these steroids in the first davs after the burn would mean an 

increased activilv and the subsequent decline, a depression It ha^ been 

Miggested that the decline of 17-kctosteroid excretion after injiirv is due to 
preferential formation of the “.S” hormone b\ the gland An increased cxcic- 
tion of cortin-hke (non-Ty-ketostcroid) hormone has been dctcmiincd b} 
the biologic method" The decline in 17-ketostcroids could also be diu' 
to iiiabihu of the gland to secrete because of either anatomic or plnsiologu 
deficiency 

What emerges from the jiresent studies is the constanev of tlu pattirii 
of T7-kctn<;teroid excretion which follow's this type of mjur\ 7n .dl p.itieiit'> 
III whom there was more than minimal damage, cither m the form of pul- 
mon.irv inflammation rir surface burn, the excretion of 17-kctosteroids itt 
ihc untie wa^ initiall> at a high level almost lertamlv abfive normal to b' 
follow C(1 bv an abriijit decrease to a low level This subnormal level rdiiaitud 


until the patients had recovered 

'I'lns p.atiern docs not follow all injuries or burns For < xampb . (la i,- 
keto-teroid c'crttion of the p.iticnt mentioned who was ir)nnd to b.\' 
lupfrtroph\ of the adnnal cortex following acid burns showed normd 


tlifonghoiit tlu jfi <l,iv s of his survival It is })ossibb that otlui pattt ro'- 
V ill b( found It should aKo be pointcfl out that the tirinarv ty-la to--!' ro d 
r< pieo nt onlv ('(rtforv [irodiuts and that theo mav iu»t !« a dim t im* • x 
of -e’l rciton or utdi/ation the pret ur-’or \t tlu pn '•( tit tiiiu , all th ' ^ 
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MFT\nOUC OnSERVATIONb 


be said is tlut tlic rchtinn of 17 Kctostcroids to ndreiial cortical function and 
the relation of lioth to nitrogen nictalioltsm lia\e not been settled 

Amcnorrlica in the female patients wus cxjicctcil hut hirsutism m tlie 
preset of a lou 17 kctosicrotd CTcrctioii was not OrdmanU women with 
hirsuti^i lia\c an excretion Ic\cl at least m the upper limits of normal 
if not clcMitcd as in thov: with true \inhsm fine to tumor Tlierc are 

two possililc cxphmtinns Either iitiliution of masculinizing hormone was 
mcrea^ed in these patients or the ictuitv of the hormone present was un 
inlubited h} a relatncK low concciitrition of ON-inan liomionc A situation 
similar to this Litter jw sdnhti exists fr«]ucntl\ after the «^ntaneous 
menopause or after cistntion 

No csidcncc wis disclosc<I suggesting tint tlic idministration of testos 
terone would be iKiieficnl to patients following bums /’cr sc Nitrogen 
equililintim was ohlainctl rcidtK witliout it c\cn m the 5c\crcl\ burned Tlic 
greater growlh of abnormal hair which presunwhU would Inic occurred had 
testosterone licen injcctctl wouhl Iia\c rcprcMUitetl a furtlier indrogemc 
estrogenic ghnduhr imltaLnncc It is still thcorcticilh possible tint in patients 
dqilctcd h\ proloiigetl sq>sis and iiinliiutntion willi spcafic testicular and 
adrenal cortical insufTiacncics testosterone thcnp\ might Iw mdicitcd In 
like manner adrcnil cortical thcnp\ niiglit prove useful 

mtiiitsm SND cosnuHiosH 

Metabolic studies were earned out on 29 of the y) victims of the Cocoa 
nut Grove disaster treatevl at the Masvicliusctts General Hospital A com 
pletc nitrogen lialancc was obtaincxl in nine patients and a potassium InJancc 
in SIX of tlicsc. The excretion of 17 kctostcroids m the unne was measured 
m 23 patients In one the nlauni and phosphorus excretion w-is determined 

In man\ patients in the first week there wns a moderate negative nitro- 
gen balance For the same periods 111 these patients there was a caloric 
intake inadequate for maintenance Nitrogen cquihhrmm was easily estab- 
lished when the cilnnc and nitrogen intakes were increased Tlic level of 
nitrogen excretion was fnirlv constant from dav to da> and was not alteretl 
h\ a rising protein intake it was Iiovvcver less m later weeks tlian during 
the first week 

The level of nitrogen excretion liorc no relation to tlie seventy of the 
bum but males excreted more than females It is believed tliat the moderate 
nitrogen loss encountered was due to the relative absence of mvasive 
infection 

Potassium equHibnum was maintained The source, therefore of the 
nitrogen lost durmg the period of negative nitrogen balance was non 
cellular protein 

Phe 17 ketosteroid excretion was elevTiterl dunng a penod corresponding 
to the negative nitrogen balance After this first week it fell off abruptlv to 
a low level Dunng this penod the nitrogen excretion however did not 
The eventual return of the 17 ketosteroid excretion to normal was 
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MITXDOUC OHSER\ \TIONS 


be sajd IS tliat the rchtton of 17 kttostcrouls to idrcnnl corticnl fimctio 
the relation of Ijotli to nitrof^i nietil>olisin ln\c not liccn scttlwl 

Amenorrlica in the fcnwlc patients w-os c'ci>ectctl Init hirsuti«;ni 1 
presence of a low 17 kctostcroid excretion wns not OrdmanU wonicr 
hirsutisni liaAC an excretion lc\cl at least tn tlie u|)(>cr limits of nc 
if not clnatcd as in those with tnit \inlism dite to tumor ’’ Tlicr 
two possible explanations Cither titihzafion of nn«ciiliiiiznig homioni 
tncreased in these patients or the actiMta of the hormone present \\~\ 
inlnbited bj a relatncK low coiicciitratioii of o\ainan lionnonc \ sttt 
similar to this latter po«:sil)iht\ exists frequenth after the •spoiitai 
nienopaase or after castration 

No e\a(Iencc was discloseil siipj^cstinp that tlic aclmmistrafion of ti 
teronc would be licneficial to patients follouiiif; hums /'cr sc Niti 
equHilintim wais ohtamcil rcadih wathout it e\cn in the scvcrcl) lutmc<l 
preafer prowih of ahnonival hair winch prcsiimahh would lm\c ocenrra 
testosterone been mjcctcil would Iia\c rcprc-senttxl a further aiidroj 
esfroRemc Rlnndnlar imliahncc It is still thcnrcticallv possible tluat in pa 
dqilctcd ha prolonpcil sepsis and iivalmitrition watli sjicaftc testicular 
adrenal cortical insnfTiciciicics testosterone lhcnp\ miplit I>c indicatcil 
like nunner adrenal cortical thcrap) iniKhl pro\c useful 

Mmwsio AMI roN(umio\fl 

^Ictaltolic studies were earned out on 29 of the 39 \jctiins of the C 
nut Gro\e disaster treated at the Massnclmsctls General Hospital A 
plete nitrogen Ivdancc was obtained in nine pahent* and a potassium I>a 
m SIX of these The excretion of 17 kctoslcroids in the urine wais menj 
in 23 patients In one ttic calcium and phospliorus excretion was detenu 

In man) patients in the first week there was a mo<lcratc negative r 
gen balance For the same periods in tlicsc patients tlicre wns a cr 
intake inadequate for maintenance Nitrogen cquihhnum waa easily c 
Iished when the calonc and nitrogen intakes were increased The lev 
nitrogen excretion wa» fairU constant from da) to day and was not nil 
hy a nsing protein intake it was howeser less in later weeks tlinn di 
the first week 

The level of nitrogen excretion Ikhx. no relation to the «wcnl) of 
Ijum hut males excreted more than females It is ))elie\cd that tlic mo(l( 
nitrogen loss encountered was due to the relative absence of mvt 
infection 

Potassium equilibnum was maintained The source, therefore of 
nitrogen lost during the period of negative nitrogen balance whs 1 
cellular protein 

The 17 ketosteroid excretion was clevateil diinng a penod correspon 
to the negative nitrogen IiaLance After this first week it fell off aliruptJ 
a low level Dunng this penod the nitrogen excretion however did 
change. TTie eventual return of the 17 ketosteroid excretion to normal 
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COPE. NATHANSON, ROURKE AND WILSON 

simultaneous with the return to good health The relation of the 17-keto- 
steroid excretion to nitrogen metabolism and to adrenal cortical activity 
was not settled 

An abnormal growth of hair was encountered in the six women hospital- 
ized for more than three weeks, despite the low 17-ketosteroid excretion 
levels 

The ease with which nitrogen equilibrium was obtained, and the ab 
normal hair growth 111 the women, do not suggest testosterone as a routine 
therapy for patients following burns 
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PROTOCOLS 

Tlte extent of the surface bums as recorded m the protocols is based 
on obscn-ations at the tune of the first duuige of dressing (five to ten da}8 
after injiin) Tlicrcforc the extent of the first degree bums could not be 
ascertajned except of the face where there was obvious edenia and no tissue 
destruction Tlic percentages arc cakrulated on the basis of first second and 
third degree bums of tlic face, and of second and third degree bums of 
tlie rest of the bodj surface Tlie Rerkav scale was used 


C«*« i — Uol tff 7 In trjlng to m«l 
cot p( tb« burning tntVUng tbe riul^t f ll lb* 
SaiD^ g up b • h*clc and cnrrr hi 

nd Nrl^f>,t» that hr brrathrd flarrir* Hr loM c«*»- 


arxworsj cn rra bing a Innr 

/ 1 ml I II «at roMrfoai not 
111 hoeV b*J *4 fbt chrrry mtoc of f*aoa 
Ktrmbtiutrs aivl r Ira on aoaculailon f |hr 
clTat. 

Eslfnl ^ B m Flr^ drxTrri Tarr Srrrt>d 
(kirre IlaruU back Iblgba Irga. Third ikgTrci 
Back, Total ij i*" Corrvral and InhataiMi 
banB prr^ml. 

rUrwn Tkertt^y Ntmr BU^ P ettmre Hr 
nalord rtormJ /i«r« MaafamiB 

brfaaiorrlt aai u% J bmui Uood potaa lam 
j « m.Lq on arrood dajr; aJl otbrr drtrrtntnatKM* 
iJ«n rrono L 

C7utra/ C a rr Tbr homrd a ea drd not it- 
<ra rr graltlsg P lnwarfi I'MWnt 

it rlo^ awJrntr rr«ptfatonr diffimltr with 
«jr»« miih and nprrtoratban. Cbr^ rtcnegmo- 


f m Tr» r^a >onr 

Ckem Iker fj SelCadiartat vaa rtminaed 
B( I tb taroir-tJclh da/ Praiallln ^on« 
Ofrrrf wm Nonr 

OuHU et On (a t/ I tb (la/ «ith ooc amaO 
gn Utlng arM ao huk atil on* os trfl tuW- 
q mtlf Wolrd. N fr»p<firof7 dl£ciUt/ 


Cana 1 — Fmak agr jS Pailmt «aj la loiby 
la Ban rttili op Ujjri «rl(b clocSra os Art Shr 
*a 0 frrt from molring doer at rotraarr m a 
aarpt ftraard rt by re»h krmmib r ra rholJtis 
fctt con«el<mit»r*a at rrrolWof doer 

tradktlr* an yirri *J Tatmit vaj bratrrknl 
tttanic and n grrat pain Sbo wa twt I abort 
llojetia BToibraota art cherrjr-rrd color 

Srtett tf Burtu Srcxaxl drgrrr Farr aralp 
hand, tb |bi, irga. Third drgrrr Hand, vrltt 
'eaJp. T«at / 5% InkalaHoo boma. (Sra 
eelcc arctuffl Figa m and 14) 

PUjma TJtrra^T T»o tmita hi firat 4 Koora. 
S/aarf Pre n r Serrutr ayatolle aeon aflrr adoita- 
ajon. imdcia]! roar ditrutg tha firat 4 boora. 
Lahertipry Data JJaxiin n hcautomt vaa j % 
al t7 hotrra. Hod nlladtutna trrcl of / 4 Dig 
houra after bam. Stowl/ drreloprd an Diiraifa 
aitli hrmatoent I 34V 00 filtr-firat day Blood 
pmuhrm waj 34 m.£4. cm firat day and 40 
nt Ett. CO arrond day All other drtrmdnatlciiu 
DCmnnl 

CTortcal Caa s The tKrmrd a e*i »rrr graftrd 
aitt MtaUetory reaolu. Abnonital growlb f 
hair ocrnrrrd co fatfe and for^rma l^taniroia 
B^*r oL I Im^tiMry Pattest had rr- 

“Ijru ii gr oiorphlnr anlicnU rtwaly on cotry 
aM »aj abaoat ajmrlc 00 rmchm* thr aard. A 
rrapiratjco *lth axygro thtoug h an Intra 
g*th ca1 t be, aaj carnad on for fire boiira. 
Daaaloprd tmenlar fibnUaUao wb>cb la«trd for 
44 bosra probable ennar m aneata ps- 

umt saa digitallied t>d oaygm it^rnp • g 
a tnrt, » cootl ord for fi e daya. Tbr paHrnt a 
rrapintory cbfHcMHy with eoagb and aome MnrttlMi 
^Bilased lor abetit »1 wrrka gradoally dmr sg 


Bfraa«e f the pert Ibll ty that the a barnumt 
rbe^ Iraion acre paloonarT Infarrta. bTatcral 
prrlWal femoral trln 1 gatJon »aa carried out 
ofl ihe filt> rrcond day S*tt qamf T « rfmJkMt 
Ta abo/c blood. 

CA/naafhrrppy Solfadtaaloe eont nord tmtU 
ariimtrrnlh day IVfticiQ front th to lanrtt 
■nnth <U} OtrnJumj llaMl to left band. 0 
(lommal dap iVIn graft to writt cm tacniy-n^h 
Liy I'anla] (rctlon ol Aap on forty arcond u 
l^larilc to Irfi band, abdoethtal flap drtacbed on 
funr eighth day IlilafertJ wperficial f«»oral mn 
I mKn cn fifty-arrood da no clot fottnd Graft 
f abdomloaj wall defect 00 arrenllclh day 
tiuiharye On dgbty aerenlb day burnt bealcd 
cbm dea I to rb)a)CBj Therapy 


DtntalO brraoae of the bread ao he eo r^ b 
face • lb bla hudk rdikf nd aat tb« atain 
min a firrmae led blm mt ^ the bujUlirg 
C dulo^ 0* linrrt] He vma eonanous, ui bo 
bock d vhb 00 rapir*tory d £ot>ltr 
/laTyal / Bara Slight flrat degree of Doee nd 
ahrbl Inhalaiiea. 

Thmfj Km Bioorf Prttn e Nor 


C/f Cae tt n aaa dlacberged to the 
Amy Qaae thr Kmbg after tb* Are P Impaa y 
tiae Patient a few r In in tb* right 
chret bat bo diAenhy lo bmthiDg ^ bte4 af 
Tfeaj/a-tiaaa Koec. 


Case ^ — rrmale age 3/ In the acraaible tie 
patient waa ImochTd down, iratapled upon and 
rrraJU Inhaling atsohe before ahe loot coddoua- 
raa. Sbe baiT not eirre ed be face 
Caaditiao *a Arrkal Sbe wai cmadotti, I 
mndrrgte thodc, and coognlng with r^lca al tl 
left bale. 

Ertrnl ef Btm Second degree face. Total 
t% Com^ and {nbalatxai btu-na preaent 

r/ama Tkertf^ Three tnuta I the firat J4 
hour*. BU>od P iju e Remained eaarutlilly im- 
ebaegrd. Lab«*wf*r-v Dctt ilajdmma bmaxocm 
1 % ct fij boura. KPN on foorth day waa 6 mg. 
AH other determiDatKDj were ttonttal. 

Cii teal Ca* ae The bum of ttw »H healed 
artbotrt ereat. Ptim^ntry CcmHuchcn Pabmt 
cotitmoed t bon moJB, Prodocll r cough fetr 
aeeeral daya. Laoga rradnaJly cleared danng the 
neat two wreka by phjwlcaJ examliiatloru .S bac 
yamf Trmmjf rwos Nooe. 

CAew»f*r»w/-y Salfadiailne otrtll the fifth day 
PlntcQJai hone Ofrrmti t hoor 

Ourk rw4 On fcparteeoth day burnt heated 
Innga dear 


Caaa 1 — ilalr »* jo Patient waa otrreocae 
by dnar taok* and loot ceturfonmrMi egalned 
It only ftrr admimion to the hoaplta] 

C^d ti*n m ArriccI FI wa aweomeloat but 
tn no ibcek. He had etwitjdrrabl* dlIBctiltr I 
breath ng and wai ciaootle with ril^ In both 

hertv 
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PROTOCOLS 


Clinical Coiirtc Burns healed uneventfully 
Pulmonary Complication Respiratory difficulty 
rapidly cleared Subsequent Transfusions None 
Chemotherapy Sulfadjazine continued until 
twelfth day Penicillin from sixth to eighth days 
Operations None 

Discharge On twelfth day, bums of left hand 
clean but not healed, healed by six weeks 

Case 17 — Female, age 43 In the confusion of 
the fire patient was knocked to the floor and was 
trampled by several people She held her breath 
in order to avoid inhaling fumes, and was quickly 
led from the building by a fireman 

Condition on Arrival Conscious, no shock, nor 
mal breathing 

Extent of Bums Second degree Face, hand, 
arm, shoulder Total 9% Inhalation bums 
(Face and hand ddbnded, cleansed and 5 per cent 
sulfathiazole ointment applied) 

Plasma Therapy One unit on second day 
Blood Pressure Remained normal throughout 
Laboratory Data Maximum hematocrit was 52% 
at 37 hours Sulfadiazine level of bleb fluid was 
2 2 mg on seventh day, simultaneous blood level 
was 4 6 mg Earlier sulfadiazine levels ranged 
from 9 t mg at sixth hour to 4 0 mg at thirty- 
seventh hour 

Clinical Course -Pulmonary Complication No 
respiratory symptoms but for the first two days 
had a few rales Lungs entirely clear on dis- 
charge Subsequent Transfusions None 

Chemotherapy Sulfadiazine continued until 
twelfth day Penicillin None Operations None 
Discharge On twelfth day, bums of arm clean 
but not healed, healed at two weeks 

Case 18 — Female, age 42 Patient was in the 
balcony and tried to run from the flames when 
she lost consciousness On coming to she was 
beneath a pile of bodies, and was pulled out by 
her legs 

Condition on Arrival Conscious, no shock, no 
respiratory difficulty 

Extent of Bums First and second degree Face 
and hand Total 35% Slight inhalation burns 
Plasma Therapy One unit in first 24 hours 
Blood Pressure Normal throughout Laboratory 
Data Maximum heraatoent was 46% at 8 hours 
Clinical Course Burned areas remained clean 
Pulmonary Complication Patient developed slight 
productive cough which gradually decreased 
Chest examination was noririM on discharge Sub 
sequent Transfusions None 

Chemotherapy None Operations None 
Discharge On sixth day, bums clean, healed 

Case 19 — Male, age 42 Patient was in the 
mam balcony, saw a flash of flames and thick 
smoke He made his way downstairs with his 
fingers to his nostrils, and was pushed ahead by 
the throng He remembers only taking one or two 
full breaths Thereafter he recalls nothing 

Condition on Arrival Conscious, evidence of 
smoke inhalation 

Extent of Burns Second degree Face, hands, 
scalp Total s 5% Severe inhalation burns 
Plasma Therapy Four units in first day 
Blood Pressure Remained normal Laboratory 
Data hiaximum hematocrit S9% at 37 hours 
Blood sulfadiazine level rangM from 5 5 
down to zero on seventh day on which day bleb 
fluid level was i o mg 

Clinical Course The bums were a minor prob 
lem Pulmonary Complication Developed wheez- 
ing and other chest sounds a few hours after 
admission Developed into severe bronchial 
asthma Roentgenograms showed lobar emphysema 
with small areas of atelectasis on first day 
Treated with adrenalin and aminophylline Grad- 
ually improrcd Chest roentgenogram still showed 
eiidencc of some trapped air in the eighteenth 
week Subsequent Transfusions None 

Chemotherapy Sulfadiazine for first eight 
dajs Penicillin sixth through twelfth dass Op- 
erations Attempted tracheotomy on fourth daj 
not accomplished because of massie edema of 
neck 

Discharge On thirty second day , healed 


Case 20— Female, age 38 Patient’s history 
was not obtained 

Condition on Arrival Shock impending eva 
notic 

Extent of Bums Second degree Face, neck 
back, scalp, arms, hands Third degree Arms’ 
hands, shoulders Total 26 6% (see color sec’ 
tion Fig 10) Inhalation burn 

Plasma Therapy Three units on first day 
Blood Pressure Above 100 svstolic throughout 
Laboratory Data Maximum hematocrit 55% at 
6 hours Blood potassium 3 3 and 3 7 m Eq on 
first day Bleb fluid sulfadiazine 100 mg, with 
blood level of 10 6 mg on seventh day Meta 
bolic observations recorded in article 

Clinical Course General condition satisfactory 
Required nasal gastric feedings because of bums 
of pharynx Abnormal growth of hair occurred 
on the 1ms, chin, and extremities Absent cata 
menia Pulmonary Complication Respirations la 
bored with productive cough Respiratory embar- 
rassment increased, with tracheal rattle Laryn 
goscopy showed edema of cords On constant o\y 
gen therapy Tracheotomy performed Patient 
became comatose but rallied gradually Chest 
roentgenogram See article by Scbatzki Siibsc 
quent Transfusions Five of whole blood 

Chemotherapy Sulfadiazine for first 24 days, 
leading to agranulocytosis (see article by Lyons) 
Penicillin from sixth through fortieth days Op 
erations Tracheotomy on third day Split thick- 
ness skin grafts to arms and hands on thirty 
ninth day Split thickness skin grafts to upper 
arms on sixty seventh day 

Discharge On eighty-fourth day, healed except 
for proximal interphalangeal joint of left index 
finger, tracheotomy wound healed 

Case 21 — ^Female, age 26 The patient ivas 
not burned but inhaled a considerable amount of 
smoke for 25 minutes On reaching the street 
she expectorated a great deal of “black stuff ” 
Condition on Arrival Conscious, in no shock, 
coughing 

Extent of Burn None 

Plasma Therapy None Blood Pressure Nor- 
mal Laboratory Data None 

Clinical Course -Pulmonary Complication Res 
piratory symptoms disappeared in 18 hours 
Chemotherapy None Operations None 
Discharge (3n first day, condition good 

Case 22 — Male, age 39 Patient’s history was 
not obtained 

Condition on Arrival In moderate shock, con 
siderable difficulty in respiration Cherry red 
color of denuded burned surfaces Jfucous mem 
branes were charred and sooty 

Extent of Bums Second degree Face, scalp, 
neck, hands Total 11% Severe inhalation 
bums 

Plasma Therapy Five units in 24 hours Blood 
Pressure Remained normal Laboratory Data 
Maximum hematocrit 56% at 3 hours, 52% at S 
hours 

Clinical Course -Pulmonary Complication For 
marked upper respiratory obstruction, tracheotomy 
had to be performed, at about 6 hours Rcspira 
tory distress apparently more marked in cxpira 
tion, continued despite adrenalin, aminophylline 
and oxygen therapy Patient slowly failed and 
died 24 hours after original burn Subsequent 
Transfusion None 

Chemotherapy Sulfadiazine continued until 
death Penicillin None Operation Tracheotomy 
on first day 

Discharge On first day , dead 

Case 23 — Female, age 30 Patient was seated 
in Melody Lounge when fire started She ran 
upstairs and across dance floor , fell and re 
mained prostrate near an exit The smoke was 
hot but she did not inhale much, did not coicr 
her face She did not lose consciousness She 
was wearing a heavy coat with a fur collar She 
was dragged to safety 

Condition on Arriial Shock impending no 
respiratory difficulty , 

Extent of Burns Second degree 1 ace necK. 
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k*ad». Vat* Tliifd WcL haml*. ToUl 

I % Sltftrt InbaUlion Iwn**. 

ritsmt Tkerafy botir toilrt co fir»* dar 
r r« rr DM aat rs btVsw i ^/6o L*»- 

0rti0rj Da/« MMlmBTB b«matocrit 6ift at 17 
baon. SfCowlan' a**®!* htmatoenl of 34 “^ 
anl plauu prrtdn f 5-5 Gm. cm tfcirtr^iralh 

**^7 i.t{ Cn t* Tr*B«ltory rpretal c^foaloa 
«ilb fTnk««wM. Ahrwrmd jrro'rtli of bair oc 
carml on fart, fortann aad le*a, TbfTc ha 
fvra a natchr of Ihf hair aij>cc mum of 

cxuamia. r Im^fury CbmfcvafKi iH faaal 
cb«t Hjrnt, cWrt r u oii tr fnpjrraaa romaVofd o<t 
tti ca?a<^. »aa nl «» .‘*“5 

S kK^eml Traaa/ariinM ThrM f «ho>a blood 
Ckfm*tkrr*fj Sulfadlulw for fir«t ta da> 
derriox^ drn* fcrrt I mJcDlln th throogh 
ft mtCT ii l h (b>a a«d agaJ t«rtUrfirM ibroogb 
tarctr ca (h dajk Offi^lio t SU rraft to 
biod cm fh rlT arTrolh da) compute 1 ta 
af both grain. SLIn graft to both haodi and 
wrl't cm fiftT-aecond ^71 partial Ukr SLbt 
graft to rfgbt harM 00 a tIt ninth day 

Diuktrrr On ctgkt; third day braird, to 

n}a}Ca] Tberapr 

Caaa 14 — 3fa)r age a?, raflent rtmerebtra no 
det^U. 

CndiTwa *• 4 rr 1 ttl C*ci*ciotn in no abocL. 
alrtbdy cyanotK 

I_rtrwl */ B r*i Flraf and arrond degree 
Facr neck rwMrO tongoe Total 
FZama TTirra/iv None, Blo«d Ptrtat e Re- 
aalnrd norimal. Lthortiorj Data \onr 

Cl Jral C* ae P lieat d •<ba/grd appeoal- 
BalHy go bon a folio* log the 6re alth no nnw 
glalnu earept difSenlty in » Tlowhif 

Ckfm^hertfj None OtertlU* None 
Daek #e On firv day t Fort lU ka not- 
gful, ten d rttax apparently good. 

Ctat }] — Uile. age 46 N Matoey otMiloedL 
Caarfitwa a* Amrel Fat emeiy b)peraflire 
Reeplnts^ erebarraaagKflt rm red I teraaltieei 
ex}gea. Shock Impettd og Cnerry-fed of 

deoa d ed bwH a facta eocotu menbraaea 
charred tod aooey 

Ertral 3 f B rwt Second and tbi d degree 
Face, 4ealp haadt, arm* bach. E^matrd total 
1% Seref inbaUlloe hont*. Coracal buma. 

rkraM Tktrtfj Fire tmiti on firat day one 
on tecond. B/«ad Prr rarr Rcminvd normoL 
Labwv/ary £>«(* hta Imam hematocrit <7% at 


. tcrfttinal blood 

aa m.F<t. 

CZurinl Cea «r -P fowagrr C*mftuti»u Reat 
leamem became eatrenK. Rea^ratory embemaa- 
meot tnerc a aed, reqmr^ coevant orygea Ihcr 
apr hUrked haaraenetf, oabl t «alk>v Roeiil 
rougriia. See article by Schatikl. I aradoxHaU 
pnlac deeeloped. 

ClrmoCkcrayy Solfadiajiaa for two daya. Of^ 
er*/t#«r None 

Durkeff* On aceond day dead. (Aefopay See 
■rtldc by hlaUery and BrieU^ ) 

Caae tfl. — Hal* ag )6 P tlent waa rittlng at 
a table directly In froot of tbe *tage On aeeliig 
tke fire be beaded toward tbe Imcben hi tbe 
rmr H weat dem a abort fiigbt f atsira aad 
famd bl«*elf ootdoora. H Ibeo reentered I 
•offch fer tbe re*t f fall party and fiiHoalng 
tkii remcBibered notblDg until m» arHral at tbe 
bcephal. Patleot c orc i ^ bla face with a water 
•naked napkin and tried to keep cioaa to the floor 
, ea Arrh*] Fal with abo^ h ope nd 

n*C K reypiratoey embarra macii t. RUrerhig 

f-rtr«j tl B nu Second degree Face banda. 

1%., InhaJitkm bum*. Corneal bum^ 
n One nnic on find da Bl»»4 

f rtt m bo tyinolle cm rrlra] roee In ooebalf 
boor to accrmal and remained eo. lohere/erv 
llammaB) bematrierrt 5 % at ly bom. 
potaamnm ^ mJj) on both firat and aee 
end diya. An ooict detertn tmUon aJio normal. 

wbeietl Cea it Gmeral condloon rwtatsed 


good. 1 K/mca y Cemflntlltn Ltragi remained 
ciru Diuil aeco^ day when leme rain derel 
oped. Ko^genogram ( tbe cheat cm tbe fint 
and ■ecood dara were negabre. On tbe third day 
•orae atrleetaili afM tnppcd air were >eet] and 
were U 11 preaeut oa tbe elghtreuth day \ hal 
capacity $t>% 00 tentli day S bargarwf T ar- 
y Soot 

Ckrmofkrrepy S Ifadiaiine (or firat i day*, 
nmg fertt and raih dcrcloped. O^rre/wnix 
Nooe 

Dutks ft On twentv Gr«t day cbevt clear tod 
bom completely bealed. 

Caae IT — Femnle age tfl- lllitory wa» not 
obtained. 

Co iii 99 an Arriinl Jlanle and byile Icai Id 
BM xlerate abock. conirderable difflcuhy with re** 
pi ration 

Ejicnt of BtrmJ Second and third degree 
Face, armr, back, bottocki, kandi. Total aa% 
Inhalat on tram. 

PUtntn T^emfj F3ibt iralti hi fint 14 boon 
fire unit* lecond and toird days. Bltod Prtu e 
Dropped t So/60 loon (ter admiumci gradoally 
row Lab«r*1orj ZTefe Harlrattm benatocrlt waa 
565* at 3 and ii boura (lee Fg 47 artlelc on 
sbork) 

Cl Unt Com St Amt dHatatlon of tbe etotnacb 
w t relie cd by aepintioa w ih a catheter 
idreoat cortical extract w gieen. P Iwtcntrj 
Cem/itre/wa Ccmtimied to ba rc«p l ratary dif 
fiewlty. reqninng artificial reepinitrao tael cncygeo 
•iliiMnlftnitiira Amlnopbyninc waa gl en for tbe 
bronchltJa obftracllon whboot effect. Dereloywd 
paradoxical polar She rsptdlr failed and cm tbe 
Ihhd day died of pnJroooajy fallttre. Snhst^ ml 
Trm afanen None 

C*emo<*rrayy ^uifadlahiM etmtbued trntJl 
d (h. Ofrrrt tm None. 

Distho ft On tb rd day dead. (Aalee>*r See 
nkle by ilaHoi^ aed DrleUey ) 

CaM 55.— PacBaJr age ad P ticst waa dttJeg 
hi Melody Loongai Mw ib« palm tree eateb cn 
fire U'bm the era aprea d erca* ibe eefll g tbe 
tried t rtm p tbe xtalra bm Ibe ffainea bunied 
her Dock She brr tbed In a lot f tmnke a^ 
luinea, f 11 and beeaM nneenadoua. 

Cmiili^m ga Arrh*! Shock Irnpowlicig IT d 
mranral boaraeuea^ 

Brtrml of B ms Seetmd degre e i Face neck, 
hack. hand*, nna. TU d dt g tee Baelu lu^ 
arm. Total *4.59 Corneal bum. 1 aalatMO 
bora (are rolor aeenon Fg 16) 

Plasms Thtrofy CJgbt oulta on fint day two 
•eecod dar on* co third day Blasi P os 


retum to normal, Labontory Dots 

bemalocnt waa 64% t it bouj^ Blood pooaaiom 
waa 3 7 imCi). on aecemd day Bleb fltdd Klfadia- 
ln« waa 6 mg acid blood lerel 6 6 rag. oa fifth 
day] oe tb« ai^h day bleh fi Id lerel 6 0 tag 
and teyeiub day Icrel 4.0 rag i on U 

twelfth day Ueb flmd 4.9 mg with bloM We^ of 
4-1 mg on teMh day and only aoialleat pmafUe 
trace cm foortc ajlb day 

CTfaw 1 Co oa Abnormal gi ow lli of kaJ oe 
curred ca anna and legi, alight oa £a« Abaeot 
eataraenla. P tmanary Comf'tttatiom Breath 
oomida aooewhat d ailnbbed cm Wft. R iauli e w - 
gram negapre. S bxegarwf Trantfustam Oce 
whole blo^ oa ilxteentk day 

CkamMherafj Saltadlaalne for firm a daya, 
Urtig fere ajid raak dertiDped. Pemeniin rieen 
from alath tbrowgk twenty-erahtb daya. Ofer 
aliam Skin graft to hand and arm oo fifty firit 

Bfackarg* On ai ly-aereirth day completely 
braird «xcept for amaH epot oa ba Ic nbae 
q ently bealed. To PbymcaJ Therapy 

Caaa 25 — Hale age 40 Patient wa* in tb* 
new bar wbew tke fire atarted. \\'bco 00 hi 
way to lh« door aaw a abeet of flame and araoke 
n waa polled otrt by a fireman, f hited and re- 
eo ered eooackrotneia oa errlral t tbe boapitaJ 



PROTOCOLS 


Condition on Arrival Shock impending, few 
rales in the chest 

Extent of Bums Second degree Face, ears, 
scalp, hands, arms Third degree Hands, arms, 
scalp Total 12 s% Inhalation bum (see col- 
or section. Fig 15) 

Plasma Therapy Six units on first, and one on 
second days Blood Pressure Normal Labora- 
tory Data Maximum hematocrit 6i% at 10 
hours, otherwise all determinations were normal 
Clinical Course -Pulmonary Complication Small 
areas of atelectasis developed in the right chest 
as shown by roentgenogram from fourth to elev- 
enth dajs Vital capaciU 79% on seventh daj, 
1^5% on tenth da> Subsequent Transfusion 
Is one 

Chemotherapy Sulfadiazine for first 28 days 
Penicillin from twenty second through twentj 
eighth dajs Operations Skin graft to left hand 
on twentj third daj Skin graft to right hand on 
thirtj fifth day 

Discharge On fortieth daj, healed, to Phjsical 
Therapj 

Case 30 — Female, age 24 Patient was m the 
main room opposite the stage, saw people running 
from the mam entrance followed by thick clouds 
of smoke She saw no flame She escapfed through 
the kitchen The smoke was verj bad After 
having fallen to the floor she was dragged bj her 
husband through a window She lost conscious- 
ness partiallj' 

Condition on Arrival Good, some evidence of 
smoke inhalation 

Extent of Bums No surface bums Slight 
inhalation bums 

Plasma Therapy None Blood Pressure Nor- 
mal Laboratory Data Hematocrits normal 
Blood chloride level was slightly elevated for 
four dajs, otherwise all determinations were 
normal 

Clinical Course Had nausea and vomiting, 
headache Pulmonary Complication Developed 
moist rales in chest. Chest remained clear by 
roentgenogram 

Chemotherapy Sulfadiazine on first daj onlj 
Operation None 

Discharge Oh sixth day, condition good 

Case 31 — ^Male, age 27 Patient was exposed 
to smoke for about 25 minutes while dragging 
his wife and other people out of the fire He be 
came unconscious and was earned across the 
street where he regained consciousness in a few 
minutes, took a taxi to the hospital 

Condition on Arrival Good, calm, no respira 
torv difficulty , covered with soot 

Extent of Burns Second degree Lips, nares 
Total 05% 

Plasma Therapy None Blood Pressure Nor 
mai Laboratory Data None 

Clinical Course General condition remained ex- 
cellent Pulmonary Complication Developed 
some coarse rhonci, rales in the chest, and 
cotmhed up sraokj mucus 

Chemotherapy None Operation None. 
Discharge ( 5 n first daj to Fort Banks Hospital 

Case 32 — Female, age 3s History not obtained 
Condition on Arrival Profound shock, vneon 
scions with stertorous breathing Cherrj red 
color of bums and mucous membranes 

Extent of Burns Second degree Face, hand, 
forearm Total 6% Severe innalation bums 
Plasma Therapy Six units on first daj, two on 
second, and three on third Blood Pressure Re- 
turned to normal after first three units of plasma 
Laboratory Data Hematocrit was never above 
normal but varied between 29 and 40% for first 
four dajs, arterial blood oxjgen content 100 
vol % cm third day, whole blood transfusions 
were given Plasma protein was never below 6 9 
gm Blood pota'^sium was 32 m Eq on first 
daj Prothrombin time was prolonged on fourth 
daj Blood chlonde was 121 m Eq on second 
da\ Van den Bergh was 7 3 mg on seventh daj 
Clinical Course The bums were a minor piob- 
lem W I' extrcmelj restless, given piraldehvde 
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Pulse not obtainable Remained unresponsive and 
often had a senseless gnn on her face. Psjchia 
tnc consultant felt that there was severe cere 
bral damage which was irreparable Pulmonary 
Complication Ocjgen given immediately Cva- 
nosis increased and tracheotomv was performed 
Roentgenogram showed areas of atelectasis from 
first to seventeenth dajs Subsequent Transfu 
stons Two whole blood on third day, four whole 
blood later 

Chemotherapy Sulfadiazine for first 13 davs 
Penicillin sixth through twelfth davs Operation 
Tracheotomy on second daj 

Discharge On sixty seventh daj, bums healed, 
tracheotomy wound healed, lungs clear, evidence 
of central nervous system damage present 

Case 33 — Male, age 43 History not obtained 
Condition on Arrival Very poor, required 
oxj gen 

Extent of Bums Second and third de^ee 
Face, hands, chest, back, abdomen, legs Esti- 
mated total 30% Severe inhalation bums 
Plasma Therapy Four units in first 12 hours 
Blood Pressure Normal Laboratory Data 
Hematocrit was 58% at 3 hours 

Clinical Course -Pulmonary Complication Res 
piration and color remained poor Coarse moist 
rales were present throughout lungs Given cora- 
mine and aminophylline without avail 

Chemotherapy Sulfadiazine once Operation 
None 

Discharge 13 hours after injurv, dead 

Case 34 — Female, age 40 History not ob- 
tained 

Condition on Arnial Profound shock, uncon- 
scious, respiratory difficulty requiring oxygen 
Extent of Burns Thircf degree Face, neck, 
hands, back, legs, abdomen Estimated total 
70% Severe inhalation burns 

Plasma Therapy Eight units m first dav 
Blood Pressure Not obtainable Laboratory 
Data For determinations see Figure 46 in ar- 
ticle on Shock 

Clinical Course Color remained poor Given 
adrenal cortical extract repeatedlj Roentgeno- 
gram first morning showed some atelectasis and 
acute dilatation of the stomach Gastric aspira 
tion carried out Small urinary output Condition 
remained poor 

Chemotherapy Sulfadiazine first daj Oper 
ation None 

Discharge 26 hours after admission, dead 


Case 35 — Female, age 45 Patient was seated 
30 or 40 feet from the head of the stairs when 
she saw a flash of flame coming up the stairs 
She ran in the opposite direction, covering her 
face with her hat. She remembers that the room 
was filled wuth choking smoke and then she lost 
consciousness 

Condition on Arrival Unconscious, in mild 
shock, breathing normallj 

Extent of Bums Second degree Face, hand 
Total 3% Comeal bums 

Plasma Therapy One unit in first 24 hours 
Blood Pressure 74/ss on entrj, rose to 90/60 in 
8 hours and was thereafter normal Laboratory 
Data Maximum hematocrit was 43% ot *7 
Blood chlonde was 116 m Eq at 37 hours Other 
determinations were normal 

Clinical Course Because of the death of her 
husband in the fire the patient developed marked 
mental disturbance Although further hospifahza 
tion and psychiatnc care were advised, patient 
left the hospital against advace Pulmonary' Com 
plication Jfild respirator) difficult) cleared 
vvjtbin a week , 

Chemotherapy Sulfadiazine continued until 

ninth daj Operation None , , . .. 

Discharge On tenth daj, burns healed wiln 
reactive depression 


Case 36 — Male, age 28 Patient ‘taved on the 
floor Heat and smoke troubled him most lie 
was rescuefl bj firemen He retamed con'^cioii*- 
nc5S throughout- 



PROTOCOLS 


C 0 mditw* 0 M ^rm*J bmih tODod* 

«CTT dionniili^ at tt>e rl(kt b**f eyirm c. 

*1 B nu Se«n*d drtTCT > CT *calp 
trcV, t n banda. Tkird iffr** Hand Totali 
• s'" Comtal ad irikalalUw bnma. 

Pitm* TirrtAr rivt tmit on hr«l daf t«o 
oo aortjmL B/iwa Prfttn f NoraiaL 
DfU )t ximnrD hrmatomt «ai 5«% at la boura. 
Uetiboilic oWrralKioJ are ri m in riirle 

C 7 i kaJ C#» te PttKu^rr Crnff eiHon 
UuLed boarvee*! »Iih diinmullan of brratb 
aaoBKl*. S mII arraa of at leetaU bjr mrnlcm 
ocTU) froai foorth to etrimth daja. \ tal ca 
pacfly TOti om trrrtb daj Sabae^ eal Tra a/a 
Aaaj On abole hkoL 

CkfmctkfT*^ ^alfailbjlae for first la daja. 
rcof<^tn inh thrwnth thIrUrth da>s, Of^ 
a/Wj ^0 rrafi to brih fconj oo taeni> 
fwTtk Bod (Urt) fifth dajs. Left aiii>erfKnaI 
fmoral rrla IicalKia on fortfaerroth day loi>*e 
cfca eraonied. 

lhjck*r«f On fifrr<((hlh dar ham braird, to 
rkjriemJ TtrrapT 


Caaa J 7 
I fire aoddeolr rrae 


•Male Bfr la ratlret saw tb« roaoi 
’ ;ord for a etat fma Ibr 


aau r>d emrred td fare \\*bilc ttronltoc In 
tbr CTtrad he krtt coa*cioutor-« 

Caadittm •• ImitJ Loraisooai rrdd, 
trmbi f bre^Iar dftHT and Mradllr not In 

aback. 

EjfraJ B rmt ‘treond dnrrc* Faer neck, 
band. Total C meal and fnhatotJoo bsma. 

PUim* Tkenti Three an (i In first aa bon a, 
one OB aeecmd day pia*d P rntr Renaloed 
nonoaL Labtieatery ifaxiBon bemaiocrlt 

wM stc* at J7 boara. Wood |«ta Warn maa *.j 
ta-Eq. ea first day Afl other drtervlaatlen aere 
•arOiaL Uetabejae observu ont reeoeded in artiele 
Cl airal Coa ae Bees t* of feel r of deyrres- 
poo tad aa ietr o^er ibe death f bit ante be 
had to be tn ferred to pi»efciatHe a e re l e e for 
rt dan before d sebrte Palmamtry C*mftU% 
na* , NSttW fr» boars Hr^«lrqa <1 c>noaW 
fftn h. and hoard riles ra fantb Inrt. Rraynr 
fitly d ftenhy eleared dnH c tbe nest *eek 
i bar^weat Tr«*rf eira '<on 
OrM^hmy* Balftiliaiine continued ootfl fif 
teeer^ day Ojrrait^* None 
iHttktrft Ob •r^e1Ttreoth da) bnrna bested. 
In|i normal. 


Casa k are ]6 Tallent « t at tbe 

bat taw tmsk toS ftaise eoraJor op (vnen 
downitarts. If « raoibt la BKib a d rare ed 
»■ ^ direeiloa f tbe new eoekull room Ibe 
saa serere He a led down* Irs by tbe 
crosd and into a room from wUeb iberr 


«ai no rcit. H Uy down for 15 to jo minotej 
\M>m no fire rea».bed him he (« op od dtmbe 
orer bwJles Jyia» abotrt. If beard acmebod 
•boat “Here a a maD wbo I atm alJre.” H 
waa pot In a tad and broufkt to tbe hotplta. 
Hr ncrer loft nmsckuttnrsa. 

Coadi/fow em Armtl Shock Imp e nd Iny n 
res^fstory dlffiojlty 

tirimt of B ms Srcood de rrrri Face, neck 
acaJp back, band, Irf foot. Tb rd drrree Ankle 
Total at )% Inhalation burnt. 

P/anwe Tierayy Sic nmtf 00 first day 00 
on aectjod one on third. Bh^d Protnr R* 
malncd nomal. Ltbonterj D fa klammim 
bmutocrlt was 6j*!« at 6 boors. Blood potiulaa 
was 4.1 m.Eq and 4.1 irnEq on first day 4 . 
fn.Eq on arcood day lUcb fliw nlfadlanoa IrW 
wa y 4 mr on armith day with dataltaaeoa. 
blood lerel f 6-4 mf Blood lerel had been 9 ; 
mr cat foortb day Had rlrsated NTN (aei 
article on Shock) 

Cil lo*J Co tr Nanara and soadtlof for al 
da)a. P fmamory Q mflteolvsn pnlfoonar) 

aymptesn or sifna. R o e i il ai t ma i a Ji nexsliTe or 
sett^ day Stall arewa f atelectaala and anul 
amount of trapped ah’ b rorotfenorraai fm 
lonrtli to rlerenth daya. \ ital c apa c hy 61% ot 
sexenth day S bttqymi Tra sf nanx \ocir 

Ckrmtdksra^T S Ifsdlaxlisc for first ii dan 
Tenldn B froea fifth thro ny h rlrrrntb days. Of^ 
CTSfMsx Norte 

Dlrcbarfr Oo fo u rteenth dar to Otelsra N n 
llospltsJ cbest riewr boma noDrated. 


Case J 9 — Frautr att j Patient wu atthni 
I tke fsDrry fire appear^ « cftperrite side. 7 ^ 
llrkts wrat ect arr «u fall of thxk tooke 
Patimt f U whb propla on top of hrr She 
Tnalrd downstairs srmleossdons water tprayed 
00 her Somebody carrsed her out. 

Cosdiriaa 0* Armtl Preformd thoek, respi 
atory rsbarraismrat with Kattered bonckL 

of B ras Second drtree: Face handt, 
Tout 4S 

Pi*r^ Tirroff Two oalf on firs* day Blood 
Prttswrr SystoJ c 90^ for bort period, other 
wise DeranJ Laboria/or^ Dot* Maalsnra brttu* 


bourv All other detercaJoiatlom 

aormak 

C 71 *f *1 Co t I nipi oTcd rapk^ Putmomory 
Cooof^icotiom klhmr corst alfws. Sorntfenorram 
showed esrldmcr of some trapped air from third 
to t«stb days. Ssbrenrst Trswsf iwr Nor 


Oyrreftew/ 

Disfkor^r On teruk day burna healed best 
clear 


165 



Index 


A 


Blood plasma, administration of 
Blood transfusions m control 

of 

5 

^diTuni tration, proWcmi of 3, 9 

14 

anemia 


lOa 

\drcnal contcal extract, m burn 


Bone Ointment m treatment of 

sur 


ihncL 

125 

face bums 


8-; 

Arrvai foreign nutter m removal 


Brcathmg bronchia! absence of 


36 

of 

aS 

Bronchiolitis 


35 

nadequate anoxu caused liy 

2S 

Buckut W iLUAjj J Patlwlogj 


prttvurt In 


»nth special reference to the 


rei3xcilat>on irxl KtUtioo of fa 


pnlmooar> lesions 


6, 

tient* wnth burrn v\lih.li in 


Bronchospasm, treatment of 


20 

elude tl>f 

-5 

Bruk Austi’c M Pulmonary com- 


Albumintrm in bum ibock 

im 

pltcatKwis a clinical desenp- 


and rewptKJO of edona 

111 

tton 


34 

■\IkaJc«M rn bom ihock 

lU 

Bun)aji envelope use of in third 


^Dcno, control of 

105 

degree bams 


>04 

Aneiihe*Ia, land* o^cd. 

toa 

Bom shock, alkalosis in 


12a 

■Vaoxb, in btimi 

-<6 

complicated b> pulmonarj damage 115 

caa^ bjr inadeqtate aimaj 

jS 

definition of 


II7 

Amiteuntc serum 

5 

Boms aimav resusntaiion in 


23 

•\rtnj bums of 

loft 

sedation m 


35 

AsepsU 

95 

anoxia in 


a6 

Asthma 

j6 

chemical hi lungs 


34 

Atelectasis, areas of 

50 

comment on 


109 

Aca, Josrrn C Palrrajoary eompli 


delayed reactions m 


31 

catwDi a cluucal desenp- 


(bet in 


105 

tkm 

34 

fear in 

25, 

28 



h}*peTactivit> hi, causes of 


25 

B 


hystena m 

25. 

36 



pain in 

25. 

37 

Back, burai of 

109 

physical therapj m 


III 

Bactenoitaiia, Cbemotberapj in 

133 

comment on 


713 

Balance mtrogen 

143 

exercises in 


II3 

potaasram 

146 

nussag-e in 


ni 

BaDdajje, prosurc 

90 

methods of 


111 

Bath, melted parafEn t\-ax, m treat 


results of 


113 

iDTtit of bums 

III 

teaching relaxaboa m 


113 

Bcrciin, HE’viy K, Resusatation 


polmonaiy Incidence of 


34 

and sedation of patients witb 


■hock in, canplkated by palmon 


bums which indode the air 


ary damage 


ns 

wiy 

25 

•urftce, cleansing of 


87 

Bereartmeot, reactions to 

18 

debridement unused m 


87 

Bleedinjr, m burn shock 

123 

splinting m 


00 

Blood, Dooprotein nitrogen deter 


treatment of 

5, 

85 

mxoation of in bum shock 

119 

idmuustrallve adrantages of 

91 

Blood bank 

ja8 

comment on 


92 

Blood Icrdi, snlfonamidc 

94 

concltutocs on 


93 


167 




Index 


A 


Admlni tration, problems of 3 
Adrenal cort>cal ceiraci in Irum 

shod- U 5 

\irttaj foreipn matter in, rrmo\‘al 

of a 3 

madeqtote tixiTta caa-^d h\ 28 

pinsure in S') 

rrtU«aUUon and mlatfon of pa 
t>ait« »^th bum «ltkb in 
elude tlie '•5 

■Mbcminura In bum sliock 
and rrvirption of etknu lai 

Alkalosis ra bum shock 11. 

Aoemb control of 10 

Ane*thr«ia. kinds ated, lo^ 

\rKWta, fn bums 26 

caused bj maderiinte aifnaj- "dl 

\nijtetanlc lerum 5 

Armi bums of loS 

Asepsis 0;. 

Asthma 36 

Atelectasu, areas of 50 

Aci, Josmt C Pnlmooary compli 
rations a climcal dwnp- 
tmn 34 

B 

Dick, bums of loo 

Bactenostasu, ChenxHhcrapy ki l_3 

Balance, nitrogen 14J 

potassram 146 

Bandage, prosure 90 

Bath melted parafRn w-ax In treat 

mem of bums lil 

BtiLnta, Heitiy K Resuscitation 
and sedation of patients with 
boms which include the air 
»aT 35 

BeretTcment, reactions to 10 

Bleeding fn bum shock I33 

Blood, nooprotem-mtrogen deter 

minatlon of, fn bum shock iiO 
Blood bank ia6 

Blood levels, sulfonamKlc 94 


niood plasma adnunistratloii of ^ 

Blood transfusions In control of 

anmU lO) 

Boric ointment ui treatment of lor 

face boms b-l 

Breathing broiichbl al>.CTice of th 

Bitmchlolilis 35 

Baickur Witusst I Patholoki 
with special reference to llu 
psilraotur) lesions 65 

Bn(oehovt>aini, treatment of 
Bat rs AiTimK Af Pulnionars com 
plications a dlnkal descrip- 
tion 34 

Bun}&n envelope use of m third 

degree bums 104 

Bum shock, alkaVisis m i 2 

complicated b) palmonflrj danuge JiS 
definition of 117 

Barm, oirwa resuscitation In ao 

sedatkm m 35 

atwnla in aO 

chemical In lungs VI 

comment on lorj 

dela>cd reactions m 31 

diet In t05 

fear in 35, afl 

h)T>crBaivitj in, canscs of 35 

hysteria In 35 28 

pain tn 35, 37 

physical therapy In ill 

comment on ii3 

exercises in Ii3 

massage in Hi 

methods of iii 

results of 113 

teaching relaxation In Ua 

pulmonary incidence of J4 

shock in, complicated by pulmon 

ary damage 115 

surface, cleansing of Ry 

debridement unused in 87 

splinting m </) 

treatment of 5. 05 

admfniitratlTe advantages of Qi 
comment on fj2 

conclusions on 9.3 


167 



INDEX 


medical advantages of 91 

rationale m 87 

results of 92 

with bone ointment 89 

use of pressure bandage in 90 

thermal, in lungs 34 

third-degree 103 

distribution of 103 

operative procedures in los 

progress of 108 

rehabilitation of patients with 103 
results from 108 

separation of slough in 104 

splinting of hands in 104 

treatment of local wound m 103 

C 

Calcium, urinary excretion of 146 

Cannon, Bradford Procedures in 
rehabilitation of the severely 
burned 103 

Cannon, Ida M Social service ac- 
tivities 9 

Canteen, Red Cross, services of 6 

Carbon monoxide poisoning 30 

Chemotherapy, and infection, prob- 
lems of 94 

in treatment of burns 123 

Chronograms, interaction 20, 21, 22 
Churchill, Dr E D , i 

Civilian Defense, in emergency 3 

Cobb, Stanley Neurops3’chiatric 

observations 14 

Committee, Ladies’ Visiting, services 

of 6 

War Service, senuces of 6 

Complications, pulmonarj' a clinical 

description 34 

Cope, Olivfr Management of the 
Cocoanut Grove burns at the 
Massachusetts General Hos- 
pital , foreword i 

CopF, Oliver Afctabolic observ'a- 

tions 137 

Cope, Oli\ fr Problem of burn shock 
complicated bj' pulmonar>' 
damage ii5 

Cope, Oiuer Treatment of the sur- 
face burns 85 

Cianosis 34 

D 

Debridement, in surface bums 8“ 


Deh3"dration regimen, m 

bum shock no 

Diet, in burn cases 

103 

Dilatation, acute, of stomach 62 

Disturbances, mood 

21 

Donors, blood 

130 

D3'^spnea 

34 

E 


Ears, burns of 

109 

Edema 

34 

pulmonary 

60 

Emphysema 

36 

areas of 

57 

Extremities, burns of 

loS 

F 


Faxon, Nathaniel W 

Problems 


of hospital administration 3 

Fear 28 

Fingers, bums of 108 

Forehead, burns of 109 

Foreword to symposium on the Co- 
coanut Grove Disaster i 

G 

Gases, complications from inhalation 

of 2 

Gauze, fine-mesh, use of, in third- 

degree burns 103 

Grafting, skin 106 

donor areas for 105 

preparation for J04 


Grafts, spht-thickness 
H 


Hands, burns of lOb 

splinting of ^®4 

Helium 30 

Hemoglobinuria, in burn shock 121 

Hospital administration 3 


Hyperactivity, in burns, therapj of 26 
Hysteria 

I 

Identification, difTiciiltv of, in uomen 4 
Infarcts 

Infection, and cheniotlierapi, prob- 
lems of 

conclusions on 
discussion on 
problems of 


168 



INDEX 


projJiilavi* o{ r/> 

shock In ‘M 

trcatiTicnt of 'j6 

Injnry tjpo of l 

Intratricbcal Intuliatlon -‘1 

Intri\owus fluid tlicrap> <> 


linahatk»\, Intralracbtal 
k 


I KctCBtcroKl dcfinftMffi of lj~ 

Dormal V’aluc of 146 

unnar} excretion of 146 

Kidney function, mauitcmnce of In 

bum shock itO 

L 

Lcrs bums of JO*) 

L«K»n< parenchjTnal fi6 

pulmonary 4t 65 

follow op of 0- 

Leskim rocntRcnolock rcfxia of 

pulmonarj 41 

Li'tDEMAX’c Eiiru Ncoropsjchia 

tnc ohKr^ations t4 

Itmgs, ateketasis h W 

twms of concluNkmx of 40 

chanpc* in, dan shouinj: roent 
pmokipU couTM of lict ^ 
complicatkpru of VI 

classification of 37 

damage to lomphcated bj Ito'ti 

shock ii5 

drowTKiT 58 

edema m Oo 

emplijscma ol 57 

infarcts in 60 

mjur) to compared to Ocs-elartd 

Oinic Fire of I'yaQ ^ 

counc and treatment outlined 
is. 34. 41 

kSKOS of 41 

from chemical bums 34 

discussion on dj 

foflon-up of 63 

pathology m ^5 

sunu ia ry of ^3 

from thermal bums 34 

miliary mottling tn 

therapy of difficulty m 3n 

Lyoni, Ctiajjp Problems of infec 

Uon axxi chemotherapT 94 


M 

Macs Joxuh, Jr,, hosnulation, con 

tributioo of 2 

Mslloss Taxes H Patholofri 
ssiUi special reference to the 
pulmonary lesions 65 

Management of the Cocoanut Grove 
hums at Uic Massachusetts 
General Hospital i 

Massachusetts Womens Defense 

Corps 6 

Metaholtc obscn-atloos 
Metaholi TTJ, clinical correlations on 
cornment on 
experiments m 
studies in 

summary of 135 

Miliary mottling arras of 58 

Mrmar PtANris D Note on the 

Ihrombophlebitii encountered ijr 
^fortalits I 

ifoitlmg miltary arm of 58 

N 


NATinMiiox lit T ifetabolic oIh 

servations 137 

Neck, bums of loj 

Neurop^tchutrv 14 

Nitrngeo urmary excrcuon of sex 

incidence in 146 

Nitrogen balance 143 

figures on, basts for coststmction 

of 143 

Norses Aides lersaces of 6 

Notntioii importance of in bum 

cases no 

maintenance of m bum shock 124 


O 

Oflice of Scientific Research and I>e- 


sclopment, U S Gen cm 
ment I 

Ointment, bone So 

Ointment, bonc-acid, use of In tirird 

degree bums 103 

scarlet red 105 

Oxtgen, anoxw, from inadequate 

transport of bv blood 30 

Inspiration of 29 


169 


^1 t 5 5 



INDEX 


0\3'gen tent 34 Pulmonary lesions, with special ref- 

Oxygen therapy 5 erence to the, Patliologj 65 

p roentgenologic report of the 41 


Pam 27 

control of, m bum shock 115 

Pathologj' wnth special reference to 

the pulmonarj lesions 65 

Penicillin, temperature response fol- 
lowing use of '' 95 

therapj’- w'lth 98 

Phlebothrombosis, definition of 132 

Phosphorus, urinarj’’ excretion of 146 
Physical tlierapy, in burns iii 

Pittman, Helen The pulmonarj'-- 
complications a clinical de- 
scription 34 

Plasma, dried 128 

frozen 128 

remaking of 130 

supply of 129 

handling of 130 

system of administration of 129 

s}stem of filtering 130 

veins used for administration of 129 

Plasma therapy, in burn shock 116 

Poisoning, carbon monoxide 30, 65 
Postmortem studies 65 

discussion of 84 

Postmortem studies, summary of 80 

Potassium balance 146 

Precautions, sterile 95 

Pressure, in airway 29 

Pressure bandage 9 ^ 

Problem, of burn shock complicated 

by pulmonary damage 915 

of hospital administration 3 

of infection and chemothcrap) 94 

Procedures in rehabilitation of the 

severely burned I 03 

Prophylaxis, tetanus 9^ 

Protocols of Cocoanut Grove disaster 
patients admitted to the 
Alassachusetts General Hos- 
pital 159*165 

Pbichiatri, need for 
problems of 3 i 9 . ^4 

Psvehoncuroses *7 

PsNrliotic conditions, psjchogcnic 16 

Puhnonari conijilications clinical 

description ^4 

Puhiiuiiarv dnm.igc in connection 
with burn shock 


R 

Radiograms, mobile condenser dis- 
charge unit in, use of 41 

Rales, increase of 34 

Red Cross, services of 6 

Red Cross Disaster Relief 12 

Rehabilitation of the severely burned, 

procedures m 103 

Restlessness 34 

Resuscitation and sedation of patients 
W'lth burns W'hich include the 
airway 25 

Rhinelander, Frederic W Prob- 
lem of burn shock compli- 
cated by pulmonary damage 115 


Roentgenologic report of the pulmon- 
ary lesions 41 

analysis of 50 

Rourke, G Margaret Aletabolic 

obsen’ations i 37 


S 


Scalp, burns of I 09 

ScHATZKi, Richard Roentgenologic 
report of the pulmonar} 
lesions 41 


Scientific Research and Development, 
Office of, U S Go\ eminent 
Sedation, morpliine 
and resuscitation of patients with 
burns w'hich include the air- 
w'ay 

Scrum, antitetanic 
17-Kctostcroid, definition of 
normal value of 
urinar}' excretion of 
Shock 

burn, adrenal cortical extract in 
albuminuria in 
bleeding in 

complicated b) pulmonar} dam- 
age 

conclusions on 
control of pain in 
definition of 
deli>dration regimen in 
hemoglobinuria in 
intestinal ulceration in 


I 

95 


137 

146 

146 

30 

i-S 

120 

122 

IIs 

12- 

11=; 

117 

I 10 
izr 
122 


170 



INDEX 


kidney functwm in, maintenance 
of 119 

mampnlation m 116 

Donprotcin nitroRen dctcrmlna 

non of no 

nutrition and i-4 

pU5TrQ tliCTupy in 116 

pahnonary damaRC hi 115 

SIouRh, Kparatwn of 104 

Socbl Serrhe 9 

SouTTER, Lama* \ note on ihe 

blood bank ia8 

Splnilitifr fX* 

Stomach, acotc dilatation of 6. 

Snlfadlaziiie In treatment ^ 

Sulfadiailnc level*, detcrmmation* of O/ 
Sulfonamide blood Ici'eU 04 

Sulfonamide therapy 96 

cotnpItcalKmi arnlnR from 05 

Surface bomv treatment of 85 

T 

TeUnoi propliylaxj* 

TScripy oxigm 5 

physiol, in barm in 

plajma, m bom shock 116 

nilfonamlde 06 

TVrmoihenpy ill 


Th roniboph 1 cb 1 1 li 

131 

case reports on 

133 136 

conclusions on 

136 

definition of 

133 

difcmsion of 

136 

Toxins 

85 

Tracheotomy 

39 

Treatment, of casualties 

3 

pnnciples of 

94 

of svrfacc bumi 

85 


U 

Ulceration, inte*tinal In bum shock laa 
U S Government Office of Scientific 


Rc*earch and Dmclopraent i 
Urine bone arid excretion m 90 

caldum excretion In 146 

nitrogen excretion m 143 

phospliorui excretion m 146 

I” ketosterold excretion m 146 

W 

^\ATv^x^t ARtnu* L. A Note on 

phjiical therapT ill 

Wiuox HiLTitcAiD iletabolic ob- 

irrratjom 137 

\\ omen identifkatkm of difficulty 

m 4 





